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I.  INTRODUCTION. 

Th«  Advancad  Lina  Contactor  (ALC)  Functionally  Equivalent 
Prototype  <FEP)  le  designed  to  switch  on,  carry,  and  switch  off  a 
load  current  of  400  Adc  in  a  270  ♦/-  5  Vdc  circuit.  In  an 
overload  condition,  the  ALCFEP  is  capable  of  switching  on  and  off 
a  load  current  of  600  Adc.  The  ultiaate  application  for  the  ALC 
la  in  a  270  Vdc  aircraft  electrical  distribution  ayatea . 

The  ALCFEP  is  a  hybrid  contactor  that  consists  of  an 
electroaagnetic  relay  (a  aechanical  contactor)  connected  in 
parallel  with  a  transistor  power  switch. 

The  transistor  power  switch  initiates  and  terminates  the  ALC  load 
current,  while  the  electroaagnetic  relay  (EMR)  maintains  a  low 
contact  voltage  drop  during  the  period  between  load  current 
initiation  and  load  current  termination. 

This  system  Is  designed  to  take  full  advantage  of  the  superior 
switching  ability  of  the  power  transistor  and  the  exceedingly  low 
contact  voltage  drop  of  the  electromagnetic  relay.  This  provides 
efficient,  arcless,  and  bounceless  high  power  switching  action. 

A  photograph  of  the  ALCFEP  is  shown  In  Figure  1.  The  outside 
dimensions  of  the  unit  la  8.2  inches  high,  8.1  Inches  wide,  and 
7.5  Inches  deep.  The  outside  volume  Is  498.2  cubic  Inches  and 
the  weight  is  22  pounds.  The  bottom  plate  of  the  ALC  is  mounted 
to  the  air  frame  structure  by  four  5/16  Inch  bolts. 

Figure  1  shows  the  high  current  terminals  A1 ,  A2,  and  G  and  the 
low  current  multi -pin  connector  J4.  As  shown  In  the  connection 
diagram  in  Figure  2,  the  270  */-  5  Vdc  input  voltage  (or  LINE)  la 
connected  between  terminals  A1  ( «■ )  and  G  (-);  and  the  output  load 
la  connected  between  terminals  A2  (>)  and  G. 

The  control  signal  input  is  a  zero  to  10  */-  1  mAdc  current 
command  and  is  connected  to  pins  Rl(«)  and  R2(-);  J4-3  and  J4-4 
of  connector  J4,  respectively.  When  the  input  control  signal  is 
above  9  <-/-  0.9  mAdc,  the  internal  circuitry  permits  load  current 
to  flow  between  terminals  A1  and  A2. 

When  the  input  control  signal  is  below  1.0  */-  0.1  mAdc,  the 
Internal  circuitry  will  not  permit  load  current  to  flow  between 
terminals  A1  and  A2  . 

In  the  event  that  the  circuity  between  terminals  A1  and  A2 
becomes  degraded,  a  28  Vdc  (at  40  mAdc,  maximum)  failure  signal 
output  will  be  generated.  The  presence  of  the  failure  signal 
Indicates  that  either  the  internal  leakage  current  between 
terminals  A1  and  A2  has  reached  2  mAdc  or  that  contacts  in  the 
electromagnetic  relay  have  been  welded  together.  The  purpose  of 
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Figure  1.  Photograph  of  Advanced  Line  Contactor 
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th®  failure  eignal  is  to  warn  service  personnel  to  refrain  fro* 
coming  into  contact  with  the  supposedly  de-energized  output  of 
the  ALC. 

Figure  3  show*  the  transient  characteristic  of  the  270  Vdc  input 
source  voltage.  It  indicates  that: 

<li  the  steady-state  voltage  varies: 

(a.)  +/-  5  Vdc  for  rated  load  (400  Adc)  and 

<b)  ♦/-  10  Vdc  for  125*t  rated  load  <500  Adci  ; 

(2)  the  maxi*u*  transient  voltage  due  to  load  or  fault 
resoval  is: 

(a)  350  Vdc  and 

(b)  has  a  aaxisus  duration  of  33  ni 1 1 i seconds ;  and 

(3)  the  ainiau*  transient  voltage  due  to  load  application 
i  a : 

<a>  200  Vdc  for  rated  load  (400  Adc)  , 

<b>  175  Vdc  for  125X  rated  load  (500  Adc>,  and 

<c)  has  a  aaxiaua  duration  of  34  milliseconds. 

The  design  of  the  ALC  is  such  that  proper  operation  is  maintained 
for  the  transient  and  steady-state  dc  input  voltage  variations 
shown  above. 

Table  I  reviews  the  input/output  design  goals  of  the  Advanced 
Line  Contactor. 

II.  SYSTEM  CONFIOyRATION. 

The  system  block  diagram  for  the  Advanced  Line  Contactor  is  shown 
in  Figure  4.  It  consists  of  six  (6)  functional  subsystems: 

(1)  Input  Suppressor, 

(2)  Hybrid  Contactor, 

(3)  Output  Suppressor, 

(4)  Leakage  Current  Detector, 

(5)  Control  Logic,  and 

(6)  Low  Voltage  Power  Supply. 
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TABLE  I 

INPUT/OUTPUT  DESIGN  GOALS  OF  ADVANCED  LINE 

inputs; 

DC  INPUT  VOLTAGE: 


270 

♦  /-  5 

Vdc 

Steady  State 
Load  400  Adc 

Rated 

270 

♦  /-  10 

Vdc 

Steady  State 
Overload  500 

Adc 

S«e  Figure  3  for  transient, 
voltage  specif icatlon 

O  to  400  Adc  noainal 

800  Adc  aaxiaua  overload 

CONTROL  SIGNAL  INPUT: 

O  to  10  */-  1  sAdc  into  input 
resistance  of  732 
ohas  ♦/-  lx 

EMR  Turn-on:  Above  8.1  sAdc 
(or  6.0  Vdc) 

EMR  Turn-off:  Below  2.3  *Adc 
(or  1.7  Vdc) 

guTPyis: 

DC  OUTPUT  VOLTAGE: 

270  */-  5  Vdc  -  250  sV 

Steady  State  Rated  Load  400  Adc 

270  */-  lO  Vdc  -  300  sV 

Steady  State  overload  600  Adc 

O  to  400  Adc  norsal 

600  Adc  saxiaus  overload 

FAILURE  SIGNAL  OUTPUT: 

Outputs  28  Vdc  at  40  aAdc  Max.  if: 

(1)  Dc  output  leakage  current 
is  between  2  aAdc  and 
4.85  Adc;  and/or 

(2)  Auxiliary  contacts 
indicate  that  the 
Electroaagnetic  Relay 
contacts  are  welded  closed. 


CONTACTOR 

IIBNINALS: 

A1  (*) ,  G  (-) 


Rl(*>:  J4-3 
R2(->:  J4-4 


lieeiNALs: 

A2  ( ♦ ) ,  G  ( -  ) 


Ml(*);  J4-1 
M2(->:  J4-2 
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FIGURE  4.  SYSTEM  BLOCK  DIAGRAM  OF  ADVANCED  LINE  CONTACTOR 
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1.  INPUT  SUPPRESSOR,  HYBRID  CONTACTOR,  AND  OUTPUT  SUPPRESSOR. 

Th«  input,  aupprttaaor,  the  hybrid  contactor,  and  the  output 
auppreaaor  work  together  aa  a  team.  When  the  hybrid  contactor 
Interrupta  the  load  current  (Flowing  £roa  the  dc  input  aource  to 
the  dc  output  load),  the  input  and  output  auppreaaora  provide 
alternate  current  patha  that  permit  an  orderly  releaae  of  the 
atored  energy  aaaociated  with  the  input  and  output  circuit 
inductancea.  Interrupting  the  load  current  (in  an  inductive 
circuit)  without  the  uae  of  the  input  and/or  output  auppreaaora 
expoaea  the  hybrid  contactor  to  a  very  large  voltage  tranaient. 

In  a  aechanical  contactor,  thia  voltage  tranaient  cauaea  the 
contacta  to  arc  upon  opening. 

2.  LEAKAGE  CURRENT  DETECTOR.  The  leakage  current  detector 
aonitora  the  ALC  output  load  current.  Thia  aenaor  ia  to  detect  a 
leakage  current  of  2  aAdc  when  the  ALC  ia  in  the  off  or  open 
condition.  The  aenaor  output  ia  fed  into  the  control  logic  which 
generates  a  failure  signal  output.  The  purpose  of  this  scheme  is 
to  inform  service  personnel  that  a  potential  lethal  electrj.c 
shock  hazard  may  exist  on  the  ALC  output  terminal  A2. 

3.  CONTROL  LOGIC.  The  control  logic  provides  the  necessary 
functions  to  control  the  hybrid  contactor  in  response  to  the 
control  input  signal.  These  functions  include  the  generation  of 
the  translator  power  switch  baae  drive  current  and  the  voltage 
and  current  required  for  the  relay  coll  driver.  The  control 
logic  also  provides  a  failure  signal  output  in  the  event  that: 

(1)  the  ALC  output  leakage  current  reaches  2  siAdc,  or 

(2)  a  welded  contact  condition  exists  in  the  hybrid 
contactor . 

4.  LOW  VOLTAGE  POWER  SUPPLY.  The  low  voltage  power  supply 
converts  the  270  Vdc  (nominal)  input  voltage  into  various  dc  low 
voltages  that  are  divided  into  isolated  groups.  These  isolated 
voltages  are  used  by  the  hybrid  contactor,  the  leakage  current 
detector,  and  the  control  logic. 

III.  INTERNAL  FUNCTIONS  OF  SUBSYSTEMS. 

1.  INPUT  SUPPRESSOR  CIRCUIT.  The  circuit,  aa  shown  in  Figure  5, 
consists  of  the  two  International  Rectifier  power  zener  diodes 
connected  in  parallel  acroas  the  270  Vdc  dc  input  voltage.  Each 
zener  diode  consists  of  four  zener  junctions  connected  in  series. 
The  clamping  voltage  of  the  input  auppreaaor  is  below  500  Vdc 
(which  is  to  protect  the  switching  transistors  in  the  transistor 
power  switch)  and  above  350  Vdc  (which  is  the  maximum  specified 
transient  or  spike  voltage  from  the  dc  input  source) .  The 
clamping  voltage,  and  the  allowable  suppressor  dissipation,  is  a 
function  of  its  junction  temperature,  and  thus  is  a  function  of 
the  dc  input  source  inductance.  In  a  paper  design,  it  was 
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•stiiiatvd  that  th«  Maxinuai  parMiesibl*  input,  inductanca  for  tha 
dc  aourca  la  1.5  aH.  Thia  haa  not.  baan  confiraad  in  laboratory 
taating . 

2.  HYBRID  CONTACTOR.  Tha  hybrid  contactor  ia  aaaantially  a 
tranalator  powar  awitch  connactad  in  parallel  with  an 
alactroaagnatic  ralay.  A  functional  block  diagraa  of  the  hybrid 
contactor  la  ahown  in  Figure  6.  The  tranaiator  awitch  energizea 
the  load  circuit  before  the  contacta  of  the  electroaagnetic  relay 
cloae.  Siailarly,  the  tranalator  awitch  de-energizea  the  load 
circuit  after  the  contacta  of  the  electroaagnetic  relay  open.  In 
)  thia  manner,  the  relay  contacta  are  never  required  to  open  or 

cloae  load  current  (thereby  reducing  contact  arcing  to  a 
nlniaual ;  the  contacta  are  only  required  to  carry  the  ateady- 
atate  current  (and  take  advantage  of  the  low  contact  voltage  drop 
of  the  electroaagnetic  relay).  (The  relay  coil  drive  ahown  in 
Figure  6  will  be  diacuaaed  below.)  The  rated  load  current  ia  400 
Adc,  with  a  800  Adc  overload  capability. 

a.  'The  tranaiator  power  awitch, 
ahown  in  Figure  7,  ia  aade  up  of  112  Solitron  500  volt,  10  aap 
tranaiator  chipa  connected  in  parallel.  There  are  56  tranaiator 
packagea,  and  each  package  containa  two  tranaiator  chipa.  Each 
tranalator  la  fuaed  in  auch  a  manner  that  proper  operation  will 
be  maintained  in  the  event  of  a  tranaiator  failure.  For  the  600 
aap  overload  condition,  43  tranalator  packagea  are  required  (7 
ampa  per  chip)  for  aatiafactory  operation,  thua  13  tranaiator 
packagea  could  fall  with  no  degradation  in  operation. 

For  the  tranaiator  power  switch  to  operate  properly,  it  ia 
important  to  reduce  the  atorage  time  of  the  individual  paralleled 
tranaiatora  to  a  minimum,  auch  that  the  tranaiatora  turn-off 
together.  Thia  la  accomplished  by  using: 

(1)  A  modified  Baker  clamp  circuit  that  limits  the  base 
drive  current  to  the  tranalator  power  awitch  auch  that 
the  paralleled  tranaiatora  are  not  fully  saturated;  and 

(2)  an  active  tranaiator  power  awitch  base-emitter  carrier 
aweep-out  circuit. 

A  raaistor-capacitor  "anubber”  circuit  is  connected  across  the 
collector-emitter  of  the  transistor  power  awitch  to  absorb  any 
remaining  voltage  spike  that  the  input  and  output  suppressors 
missed  during  the  switching  period. 

b.  OSiSY*  The  electromagnetic  relay  was  a 
laboratory  prototype  developed  by  Hartman  Electric  Manufacturing 
exclusively  for  the  ALC  application.  An  outline  drawing  of  the 
Hartman  electroaagnetic  relay  ia  ahown  in  Figure  8.  It  ia  rated 
to  carry  400  Adc  with  a  maximum  contact  drop  of  175  mV.  It  haa 
an  overload  rating  of  600  Adc.  This  relay  features  double  break 
contacta,  low  contact  transfer  time,  a  magnetic  arc  blow-out 
scheme,  and  an  economizer  coil  system.  (The  mechanical 
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Flgur*  7.  Translator  Power  Switch 
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Figur*  8.  Outlin*  Drawing  of  Hartaan  Elactroaagnatic  Ralay 
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•conoalzvr  coll  switch  was  rspiacsd  with  a  transistor  switch  to 
isprova  raliability . 1 

A  pivotsd  lavsr  sschaniss  was  dsvslopsd  that  incrsassd  ths 
contact  transFar  valoclty,  such  that  tha  oparata  tiaa  o£  tha 
ralay  is  approxiaataly  20  to  30  aillisaconds.  Tha  daaign  goal 
was  50  aillisaconds. 


In  tha  noraal  ALC  staady-stata  on  condition,  tha  ralay  contacts 
carry  tha  load  currant.  To  intarrupt  load  currant,  tha  following 
saquanca  takas  placa: 

(1)  In  tha  first  faw  aicrosaconds,  whan  ths  ralay  contacts 
initlata  opanlng,  load  currant  is  transferrad  from  tha 
ralay  contacts  to  tha  transistor  switch; 

(2)  tha  transistor  switch  continues  to  carry  tha  load 
currant  until  tha  ralay  contacts  coapleta  thair  travel 
<20  to  SO  aillisaconds  later);  and 


(3)  tha  transistor  powar  switch  is  than  turnad  off. 


Tha  ralay  has  a  sagnatic  arc  blow-out  function  that  will  ensure 
that  tha  load  currant  is  efficiently  interrupted,  in  tha  event  of 
a  failure  in  tha  powar  transistor  switching  action.  (Note:  this 
blow-out  function  is  not  required  during  noraal  ALC  operation.) 


Tha  sagnatic  arc  blow-out  consists  of  a  sagnatic  field  being 
applied  to  tha  electric  arc  between  tha  opening  contacts  in  such 
a  manner  as  to  elongate  tha  arc.  This  elongation  has  two  affects 
which  ultimately  causa  tha  arc  to  extinguish.  These  affects  are 


(1)  tha  arc  is  cooled  since  tha  arc  cooling  mechanism  is 
improved  by  tha  increase  in  surface  area,  and 


(2)  tha  voltage  to  maintain  tha  arc  is  increased  by  tha 
increase  in  arc  length. 


Tha  magnetic  field  is  produced  by  a  set  of  permanent  magnets  that 
are  in  proximity  to  tha  contacts. 
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Th«  •conomi.zer  coil  sysLe*  consists  of  two  coils  connsctsd  in 
ssriss  ss  shown  in  Figurs  9.  Coil  #1  hss  s  small  number  o£  turns 
oF  large  diameter  wire  (low  dc  resistance)  and  coil  #2  has  a 
large  number  o£  turns  o£  small  diameter  wire  (high  dc 
resistance).  Coll  #1  is  designed  £or  only  momentary  (SO  to  100 
milliseconds  mamimum,  e.g.)  application  o£  270  Vdc;  while  coil  #2 
is  designed  £or  continuous  application  o£  270  Vdc. 

The  270  Vdc  input  voltage  is  initially  applied  to  coil  N1  which 
will  produce  a  large  magnetic  field  that  is  proportional  to  the 
ampere-turns  o£  coil  #1.  This  magnetic  £ield  causes  a  large 
accelerating  £orce  to  be  applied  to  the  relay  armature,  which 
ultimately  results  in  a  rapid  contact  trana£er .  When  the  contact 
transfer  is  complete,  the  270  Vdc  input  voltage  is  applied  to  the 
two  coils  connected  in  aeries.  The  resulting  ampere-turns  is 
only  a  Fraction  o£  the  initial  ampere-turns,  but  it  la  more  than 
enough  to  produce  the  proper  magnetic  force  to  hold  the  contacts 
closed . 

When  the  dc  input  voltage  is  applied  to  coil  01,  the  steady-state 
current  is  approximately  2  Adc;  when  it  is  applied  to  the  series 
combination,  the  steady-state  current  is  approximately  SS  mAdc. 

The  relay  coils  can  not  be  energized  until  the  transistor  power 
switch  is  turned-on,  which  ia  a  safe  guard  in  the  event  that  the 
translator  power  switch  falls  to  turn  on.  The  upper  junction  of 
coil  N1  is  connected  to  the  output  terminal  of  the  ALC,  A2. 

A  low  current  2  Adc  transistor  switch  (020)  is  connected  to  the 
junctions  between  coil  #1  and  coil  02  and  the  270  Vdc  return. 

When  this  transistor  switch  is  turned-on,  coil  01  is  energized. 

A  second  low  current  transistor  switch  (022)  is  connected  betweei 
the  lower  end  of  coil  02  and  the  270  Vdc  return.  When  this 
transistor  switch  is  turned-on,  and  transistor  switch  020  is 
turned-off,  coil  02  is  energized.  (Due  to  the  low  resistance  of 
coil  01  and  the  high  resistance  of  coil  02,  most  of  the  270  Vdc 
is  dropped  across  coil  #2.) 

To  close  the  relay  contacts,  both  transistor  switches  (020  and 
022)  are  initially  turned  on  (which  only  energizes  coll  #1). 
Transistor  switch  020  will  be  turned-off  when  the  normally  closed 
auxiliary  contacts  of  the  relay  open.  Coll  02  will  then  hold,  or 
seal-in,  the  main  contacts  of  the  relay. 

When  the  relay  coils  are  turned  off  by  transistor  switch  022,  the 
stored  energy  of  the  relay  coils  is  dissipated  by  the  dc 
resistance  of  the  coils  and  the  forward  voltage  drop  across  the 
free  wheeling  diodes. 
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Figure  9.  R»lay  Economzar  Coil  Switching  Systsa 
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3.  OUTPUT  SUPPRESSOR  CIRCUIT.  The  circuit,  ehown  in  Figure  10, 
coneiste  o£  four  fast  recovery  diodee  connected  in  parallel 
acroee  the  output  load  circuit  of  the  ALC.  When  the  transistor 
power  switch  interrupts  the  flow  of  current  fros  the  dc  input 
source  (tersinal  Al)  to  the  output  load  (terminal  A2) ,  the 
release  of  the  stored  energy  in  the  output  circuit  inductance 
tends  to  maintain  a  current  flow  through  the  load.  With  the 
output  suppressor  in  place,  this  current  free-wheels  or 
circulates  through  the  load  and  the  diodes  of  the  output 
suppressor,  and  will  eventually  decay  to  zero.  The  allowable 
dissipation  is  a  function  of  the  total  output  load  inductance. 

In  a  paper  design  it  was  estimated  to  be  a  maximum  of  1.2  mH. 

This  has  not  been  confirmed  in  laboratory  testing. 

4.  LEAKAGE  CURRENT  DETECTOR.  The  leakage  current  detector 
monitors  the  dc  load  current  from  the  ALC  output  without  any 
electrical  connectj.on.  It  thus  provides  electrical  isolation 
between  its  input  and  output  circuits.  This  is  a  proprietary 
item  and  is  purchased  from  American  Aerospace  Controls,  Inc.  An 
outline  drawing  and  data  sheet  are  shown  In  Figure  11.  It  is 
designed  to  sense  current  over  the  range  of  0.2  to  5  mAdc  with  an 
accuracy  of  */-  4X  over  a  temperature  range  of  */-  75  degrees  C. 
It  has  a  linear  output  of  1  Vdc/mAdc  to  8  mAdc.  The  maximum 
output  voltage  is  10  Vdc  and  is  obtained  from  lO  mAdc  to  4.25 
Adc.  Above  4.25  Adc  the  sensor  output  drops  to  zero.  The 
detector  is  rated  to  withstand  lOOO  Adc  steady-state  with  no 
damage.  (It  la  limited  to  a  current-time  rate  of  change  of  50  A 
per  microsecond  and  a  voltage-time  rate  of  change  of  50  V  per 
microsecond.  If  these  limits  are  exceeded,  the  sensor  may 
“lockup"  and  fail  to  give  an  output.  The  sensor  can  be  reset  by 
cycling  on  and  off  the  *  28  Vdc  supply.  Because  of  the 
difficulty  of  generating  these  current-  and  voltage-rates  of 
change  in  the  laboratory  no  tests  have  been  conducted  to  observe 
this  "lockup"  problem.  In  the  normal  laboratory  testing  that  has 
been  done,  no  "lockup"  problem  was  noted.) 

5.  CONTROL  LOGIC.  The  functional  block  diagram  of  the  control 
logic  is  shown  in  Figure  12.  The  primary  function  of  the  control 
logic  is  to  properly  turn-on  and  turn-off  the  hybrid  contactor  in 
response  to  the  control  signal  input. 

The  turn-on  sequence  for  the  hybrid  contactor  is  to; 

(1)  turn-on  transistor  power  switch; 

(2)  energize  electromagnetic  relay  coil; 

(3)  close  contacts  of  electromagnetic  relay; 

(4)  transfer  load  current  from  transistor  power  switch  to 
contacts  of  electromagnetic  relay;  and 

(5)  remove  power  transistor  base  drive  (Baker  Clamp). 
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FIGURE  10.  OUTPUT  SUPPRE'oSOR  SCHEMAIIC  DIAGRAM. 
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S«r»e4  903  Sanson  ar*  used  for  ttts  messursmefit  contrtH  or 
tion  of  low  levels  of  D  C.  current.  The  sensinf  of  O.C.  current  flow 
s  accomplished  wittiout  breaking  into  or  electncaify  connecting  to 
'he  0  C.  current  conductor  This  <s  particularly  important  for  many 
'Measurement  applications  including  those  that  require  non-intrusive 
measurement  for  system  safety  when  used  on  high  voltage  lines. 

The  903  Senes  utilises  a  saturable  toroidal  core  to  sense  the  mag> 
Her  e  ttui  associated  with  the  currerrt  flow.  A  proven  detection  end 
s>i{ndi  conditioning  circuit  produces  an  aatramaly  stable,  accurate 
and  repeatable  output  signal  over  a  wide  ambient  temperature  range. 

In  normal  operation  the  curisnt  carrying  cable  is  passed  through 
an  msuiated  tube  m  the  sensor.  The  sensor  requires  a  +28V  O.C. 
•ricitatron  voltage  to  power  the  detection  and  signal  conditioning 
c  rcuits  Models  are  available  covering  0  C.  input  current  ranges 
0  '.0  S  miihamps  to  0  to  5  amps.  Two  grades  are  available  for 
tary  and  industnai  appiicaions.  The  sensor  can  withstand  steady 
Slate  overloads  up  to  1000  amps. 


tor  r^.ej'.ura'ncnt  &  control  <ipp,'icafions 


FEATURES 

Complata  Electrical  Isolation 
Zero  Insertion  Loss 
Linear  D.C.  Output  Signal 
High  Accuracy  &  Stability 
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Application  Functional  Schematic 
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APPLICATIONS 


High  Overload  Capability 
Reverse  Polarity  Protection 
Short  Circuit  Protection 
Rugged  Construction 
Fully  Encapsulated 


The  903  Senes  Current  Sensors  while  used  extensively  for  low 
amperage  OC.  current  measurements  also  meet  application  needs 
for  high  voltage  readings  on  lines  that  can  not  safely  or  conveniently 
be  contacted  with  voltage  leads.  This  type  of  measumment  is  ac* 
comphshed  with  a  non  contact  O.C.  current  sensor  by  meesunng 
the  current  flow  through  a  fiied  resiator  of  known  veiup.  Tho 
multiplication  of  the  current  flow  by  the  fixed  ohmic  resistance  r«p> 
resents  the  non  mtrusive  voltage  measurement. 

The  903  type  sensors  are  also  suitable  for  use  <n  process  control  and 
power  control  applications,  current  grourrd  leakage  detection  on 
communicalion  equipment,  detection  of  relay  coU  actuation  current 
and  other  switch  gear  paramatars  and  measurtment  of  fuel  cell  and 
battery  current  flow. 

Unlike  shunts  there  is  no  power  dissipation  or  insertion  loss  associ¬ 
ated  with  the  903  seniors  whose  output  signal  »s  moreover,  com- 
patable  with  computer  or  data  loggar  equipmant. 


American  Aerospace  Controls,  Inc. 
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Figur®  H-A.  Outline  Drawing  of  Leakage  Current  Detector 
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FIGURE  12.  FUNCTIONAL  BLOCK  DIAGRAM  OF  CONTROL  LOGIC 
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Th«  load  current  transfers  fro*  the  transistor  power  switch  to 
the  electroaagnetlc  relay  contacts: 

Cl)  due  to  the  lower  resistance  of  the  current  path 
provided  by  the  relay  contacts  and 

<2)  the  transistor  power  switch  is  turned-off  by  the  Baker 
Clasp  circuit  that  reduced  the  base  current  drive  to 
zero  when  it  sensed  the  low  voltage  drop  (e.g.,  0.17 
Vdc)  across  the  electromagnetic  relay  contacts. 

The  turn-off  sequence  is  to: 

<1)  open  the  relay  contacts, 

(2)  which  transfer  load  current  from  electromagnetic  relay 
to  transistor  power  switch;  and 

C3)  turn-off  the  transistor  power  switch. 

The  load  current  transfers  from  the  electromagnetic  relay 
contacts  to  the  transistor  power  switch: 

<1)  due  to  the  higher  path  resistance  of  the  relay  contacts 
when  they  just  begin  to  open  and 

<2)  the  transistor  power  switch  is  turned-on  by  the  Baker 
Clamp  circuit  that  sensed  the  higher  voltage  drop 
<e.g.,  0.7  Vdc)  across  the  electromagnetic  relay 
contacts  as  they  begin  to  open. 

Figure  12  shows  the  block  diagram  of  the  control  logic  that  was 
used  to  obtain  the) 

<1)  turn-on  and  turn-off  sequences  described  above; 

(2)  Auxiliary  Transistor  Switch  Turn-on  Circuit  (which  has 
been  eliminated  by  the  circuit  simplification  task); 

(3)  Loss-of -Saturation  Circuit  shutdown; 

(4)  2  mAdc  Leakage  Current  Failure  Signal;  and 

(5)  Welded  Electromagnetic  Relay  Contact  Failure  Signal. 

a.  Turn^On  Sequence . 

<1)  Ingut  Level  Detector.  The  Input  Level  Detector 
monitors  the  input  current  control  signal  and  outputs  a  turn-on 
signal  if  the  average  Input  current  control  signal  exceeds  8.1 
mAdc . 
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Th«  input  circuit  contains  an  R-C  filter  that  does  not  respond  to 
the  high  frequency  coding  that  say  be  on  the  input  control 
signal:  it  responds  roughly  to  the  average  dc  input.  There  is 
approxisately  a  5  sS  delay  tise  between  tne  input  turn-on  cossand 
and  the  Level  Detector  output  to  turn-on. 

The  turn-on  signal  fros  the  Input  Level  Detector  is  fed  via  a 
single  opto- isolator  to  the  Transistor  Switch  Tise  Delay  block, 
the  Electrosagnetic  Relay  (EMR)  Tise  Delay  block,  and  the 
Auxiliary  Transistor  Switch  Turn-On  Circuit  (currently  deleted). 
The  opto-isoiator  isolates  the  input  control  signal  (and  the 
Failure  Signal  output  circuitry)  fros  the  resaining  ALC 
circui try . 


<2)  Initial  Transistor  Power  Switch  Turn-On.  The 
turn-on  signal  propagates  through  the  Transistor  Switch  Time 
Delay  (Turn-Off),  Transistor  Switch  Level  Detector,  Loss  of 
Saturation  Circuit,  and  Transistor  Switch  Driver  Circuit  blocks 
with  a  minimum  time  delay  (typically  98  microseconds)  to  turn-on 
the  Transistor  Power  Switch. 

The  Baker  Clamp  circuit  in  the  Transistor  Switch  Driver  Circuit 
block  adjusts  the  base  current  drive  to  the  Transistor  Power 
Switch  such  that  the  collector-emitter  voltage  will  not  be  less 
than  approximately  one-diode  drop  (0.7  Vdc)  over  a  wide  range  of 
load  currents.  This  ensures  that  the  Transistor  Power  Switch 
Will  not  operate  in  "deep  saturation,"  which  aids  uniform  turn¬ 
off  switching. 

(3)  iisctrgmagnetic  Relay  111351  XeEQzQQ*  The  turn-on 
signal  propagates  through  the  EMR  Time  Delay  (Turn-On),  EMR  Level 
Detector,  and  EMR  Driver  blocks  with  a  small  time  delay 
(typically  290  microseconds).  This  time  delay  allows  time  to 
inhibit  the  EMR  turn-on  in  the  event  that  the  Loss-of -Saturation 
Circuit  senses  an  over-current  condition  and  the  need  to  shut¬ 
down  the  ALC  when  the  Transistor  Power  Switch  was  initially 
turned -on . 

The  coil  of  the  EMR  is  enabled  by  the  turn-on  of  the  main 
Transistor  Power  Switch;  it  is  energized  by  the  EMR  turn-on 
signal  to  transistor  switches  Q20  and  Q22  in  the  EMR  coil  Driver. 
Initially,  the  pull-in  coil  is  excited;  then  after  25  mS, 
typically,  the  main  contacts  close  and  the  normally  closed 
auxiliary  contacts  open  and  Interrupt  base  drive  current  to 
transistor  switch  Q20  in  the  EMR  pull-in  coll  driver;  which 
permits  transistor  switch  022  to  excite  the  hold-in  coil. 

The  Baker  Clamp  circuit  in  the  Transistor  Switch  Driver  Circuit 
block  then  senses  the  low  voltage  drop  (0.17  Vdc)  across  the  EMR 
contacts  and  reduces  the  base  current  drive  to  the  Transistor 
Power  Switch  to  zero  in  an  effort  to  maintain  a  minimum 
col 1 ector -em 1 tter  voltage  of  one-diode  drop  (0.7  Vdc). 
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(15  Ingut  Level  Detector.  The  Input  Level  Detector 
ikonltora  the  Input  current  control  signal  and  outputs  a  turn-off 
signal  if  the  average  input  current  control  signal  falls  below 
2.3  aAdc. 

The  input  circuit  contains  an  R-C  filter  that  does  not  respond  to 
the  high  frequency  coding  that  nay  be  on  the  input  control 
signal;  it  responds  roughly  to  the  average  dc  input.  There  is 
approximately  a  10  mS  delay  time  between  the  input  turn-off 
command  and  the  Level  Detector  output  to  turn-off. 

The  turn-off  signal  from  the  Input  Level  Detector  is  fed  via  a 
single  opto- isolator  to  the  Electromagnetic  Relay  (EMR)  Time 
Delay  block,  the  Transistor  Switch  Time  Delay  block,  and  the 
Auxiliary  Transistor  Switch  Turn-On  Circuit  (currently  deleted). 

(2)  ii sctromagnet 1C  Relay  iENR^  TyEQlDff.  The  turn¬ 
off  signal  propagates  through  the  EMR  Time  Delay  (Turn-On),  EMR 
Level  Detector,  and  EMR  Driver  blocks  with  a  minimum  time  delay 
(typically  15  microseconds). 

The  hold-in  coil  of  the  EMR  is  de-eneroized  by  the  turn-off  of 
transistor  switch  Q22  in  the  EMR  coil  Driver.  After  35  mS, 
typically,  the  main  contacts  open. 

(3)  lESD§i§t9E  Switch  Xyrn^Qn  and  lyrn^^Off. 

When  the  mam  contacts  ^ust  begin  to  open,  the  Baker  Clamp 
circuit  in  the  Transistor  Switch  Driver  Circuit  block  senses 

the  higher  voltage  drop  across  the  EMR  contacts  and  increases  tne 
base  current  drive  to  the  Transistor  Power  Switch  to  the  amount 
required  to  maintain  a  minimum  col 1 ector - em i t t er  voltage  of  one- 
diode  drop  (0.7  Vdc). 

The  turn-off  signal  propagates  through  the  Transistor  Switch  "'ime 
Delay  (Turn-Off),  Transistor  Switch  Level  Detector,  Loss  of 
Saturation  Circuit,  and  Transistor  Switch  Driver  Circuit  blocKs 
with  a  maximum  time  delay  (typically  58  mS)  to  turn-off  the 
Transistor  Power  Switch. 

Thus,  the  Transistor  Power  Switch  will  turn-on  as  the  EMR 
contacts  open  and  then  turn-off  21  mS  (typically)  later. 

c.  Auxiliary  lE9Qsi»tgr  Switch  lyrn^On  Circuit.  The 
Initial  design  of  the  ALC  used  an  auxiliary  turn-on  circuit  to 
provide  base  drive  current  into  the  Transistor  Power  Switch 
before  the  EMR  contacts  opened  to  ensure  that  load  current 
properly  transferred  from  the  EMR  contacts  to  the  main  Transistor 
Power  Switch  when  the  contacts  opened.  The  Auxiliary  Transistor 
Switch  Turn-On  Circuit  used  the  turn-off  signal  to  by-pass  the 
Baker  Clamp  circuit  to  provide  maximum  base  drive  current  to  the 
Transistor  Power  Switch  during  the  period  of  load  current 
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transfer.  Laboratory  tests  have  shown  that  this  circuitry  is  not 
required  for  load  currents  of  600  Adc  and  below.  Therefore,  fhe 
circuitry  was  removed. 

d.  L255L9iL§9tyE9ti9!]  SiESyit  §bytdgwn.  The  Baker  Clasp 
circuit  provides  the  proper  base  drive  currant  to  the  Transistor 
Power  Switch  to  Halt  the  minimus  col  lector- to-esltter  voltage  to 
no  less  than  one-diode  drop  (0.7  Vdci  over  a  wide  range  of  load 
currents.  The  Transistor  Power  Switch  Is  designed  to  carry  a 
certain  saxlsus  current.  If  this  aaxlsus  current  Is  exceeded, 
the  ALC  circuitry  Is  designed  to  shut-down  the  Transistor  Power 
Switch  to  prevent  self  damage.  That  Is,  If  the  load  current 
grows  larger  than  the  product  of  the  Transistor  Power  Switch 
current  gain  (Betal  times  the  maximum  available  base  drive 
current,  the  col lector-to-amitter  voltage  will  grow  larger;  which 
will  Increase  the  power  dissipation  and  can  lead  to  destruction 
of  the  Transistor  Power  Switch,  if  not  shutdown  quickly. 

The  Loss-of -Saturation  (LOSi  Circuit  monitors  the  col lector  -  to - 
emitter  voltage  of  the  Transistor  Power  Switch.  For  example,  if 
the  col lector  -  to -emi tter  voltage  exceeds  10  Vdc  for  approximately 
85  microseconds,  the  LOS  circuit  will  shut-down  the  Transistor 
Power  Switch  and  the  Electromagnetic  Relay. 

The  LOS  shut-down  of  the  Transistor  Power  Switch  and 
Electromagnet  Relay  can  be  reset  by  cycling  Off  and  On  the  input 
command  signal. 

e.  2  mAdc  Leakage  Current  Failure  ^i^nal .  If  the  leakage 
current  between  terminals  A1  and  A2  should  increase  to  between  2 
mAdc  and  4.25  Adc,  the  2  mAdc  Leakage  Current  Level  Detector  will 
provide  an  output  signal  to  turn-on  the  Failure  Signal  Switch  as 
shown  in  Figure  12.  However,  an  inhibit  signal  from  the  Input  Level 
Detector  block  is  present  when  ever  the  ALC  is  in  the  ’’turn-on” 
mode.  Thus,  a  Failure  Signal  Output  can  only  be  obtained  when 

the  ALC  IS  in  the  "off”  mode. 

^94^9^  §1.99^£999309^i9  89i9K  ^90^99^  E9^^y£9  ^£399^  • 

If  the  main  ENR  contact(s>  should  become  welded  closed,  a  Failure 
Signal  Output  will  be  obtained  when  the  ALC  is  given  the  "turn¬ 
off”  command.  The  operation  of  this  circuit  assumes  that  the 
auxiliary  contacts  are  so  coupled  to  the  welded  main  contacts 
that  the  auxiliary  contacts  can  not  change  state  when  the  ENR  Is 
de-energl zed . 

It  Is  normal  operation  to  see  the  Failure  Light  turn-on 
momentarily  upon  energizing  and  switching  ths  ALC. 
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6.  low  VOLTAGE  POWER  SUPPLY  WITH  MULTIPLE  OUTPUTS,  Figure  13 
show*  Lhe  functlonel  block  dlagrae  o£  the  low  voltage  power 
aupply  with  aultiple  outputa.  The  low  voltage  power  aupply 
conalata  of  the  four  following  clrculta:  input  awltchaode  buck 
regulator  power  circuit,  tranalator  bridge  inverter,  logic 
circuit,  and  aultiple  laolated  rectlf ler-f 1 Iter  output  clrculta. 

a.  Input  Switchaode  Buck  Pagulatpr  Circuit,  The  input 
awltchaode  buck  regulator  circuit  la  coapoaed  of  a  dc  input 
filter  and  a  awltchaode  buck  regulator  power  circuit.  The 
function  of  the  Input  awltchaode  buck  regulator  circuit  la  to 
convert  the  270  Vdc  (noainal)  input  voltage  to  a  regulated 
voltage  of  150  Vdc. 

(1)  Dc  Input  Filter.  The  dc  input  filter  la  made  up 
of  a  saall  25  aicrohenry  inductor  and  a  54  aicrofarad  (noainal) 
bank  of  high  teaperature  (125  degree  C)  alualnua  electrolytic 
capacitora.  The  function  of  the  dc  Input  filter  la  two  fold: 

(a)  The  capacitor  bank  stores  electric  charge 
from  the  270  Vdc  Input  when  the  switching 
device  In  the  buck  regulator  la  open  and 
supplies  electric  charge  to  the  buck 
regulator  when  the  switching  device  is 
closed.  Thus,  the  capacitor  bank  sees  an 
alternating  current  eventhough  the  voltage 
across  the  capacitor  bank  is  dc.  The 
capacitor  bank  tends  to  anooth  the  current 
pulse  denand  from  the  awltchaode  buck 
regulator  such  that  the  Input  current  la  a 
continuous  dc  quantity. 

The  basic  equation  for  the  capacitor  hank  is: 

1  =  C  X  de/dt 


where,  i  is  the  instantaneous  current  (Adc) 
into  the  capacitor  bank; 


C  la  the  capacitance  (Farads)  of  the 
capacitor  bank;  and 


de/dt  IS  the  time  rate  of  change  of  the 
capacitor  voltage  ( vol ts/ second ) . 

Thus,  as  the  capacitor  bank  stores  electric 
charge  <1  x  dt) ,  the  capacitor  voltage 
Increases  proportional I y  (1  x  dt/C) ; 
slnllarly,  as  the  capacitor  bank  supplies 
electric  charge  (-1  x  dt)  to  the  buck 
regulator  circuit,  the  capacitor  voltage 
decreases  proportionally  (-1  x  dt/C> . 


26 


r 


ADVANCED  LINE  CONTACTOR  FINAL  REPORT 


5814496 


► 


27 


-  VRET#3 

FIGURE  13.  FUNCTIONAL  BLOCK  DIAGRAM  OF  LOW  VOLTAGE  POWER  SUPPLY 
WITH  MULTIPLE  OUTPUTS. 
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(Not»  that  th«  use  of  the  sysbol  "i"  for 
char9ing  current  and  "-i"  for  discharging 
current  does  not  aean  that  the  magnitudes  of 
these  currents  are  equal.  In  general  they 
will  not  be  equal.)  Thus,  the  capacitor  bank 
tends  to  maintain  a  constant  input  voltage  to 
the  switching  device  in  the  switchmode  buck 
regulator  power  circuit. 

It  is  most  important  that  the  actual  ac 
current  (or  ripple  current)  through  the 
capacitor  bank  does  not  exceed  the  ripple 
current  rating  of  the  capacitors  that  make  up 
rhe  capacitor  bank: 

(worst  case  is  one-half  of  the  maximum  output 
load  current  from  the  switchmode  buck 
regulator) . 

The  input  current  has  an  average  value  that 
equals  the  product  of  the  output  load  current 
(from  the  buck  regulator)  and  the  duty  cycle 
of  the  switchmode  buck  regulator,  where: 

duty  cycle  =  on-time/ (on-tima  ♦  off-time). 

(b)  The  ac  current  through  the  capacitor  bank 

will  develop  a  voltage  across  the  Equivalent 
Series  Resistance  (ESR)  of  the  capacitor 
bank.  This  ac  voltage,  which  is  usually 
a  few  tenths  of  a  volt,  will  be  impressed  on 
the  270  Vdc  input  line. 

The  function  of  the  25  microhenry  dc  input 
inductor  is  to  insert  a  high  impedance  (3 
ohms  at  the  switching  frequency  of  the 
switchmode  buck  regulator)  between  the 
capacitor  bank  (with  its  ESR  ac  voltage 
source)  and  the  270  Vdc  input  line.  This 
inductor  prevents  large  high  frequency 
currents  from  flowing  in  the  the  270  Vdc 
input  lines,  which  may  cause  Electromagnetic 
Interference  (EMI)  to  other  services  on  the 
dc  input  line. 

(2)  Switchmode  Buck  Resulator  Power  Circuit.  The 
switchmode  buck  regulator  power  circuit  cbnaista  of  a  Solitron 
SDT  13305  transistor  switch,  a  Motorola  MR1378  free-wheeling 
diode,  a  2.4  millihenry  dc  “C"  core  inductor,  and  a  108 
microfarad  (nominal)  output  filter  capacitor  bank. 

The  switchmode  buck  regulator  power  circuit  converts  the  270  Vdc 
(nominal)  input  voltage  into  a  regulated  output  voltage  of  150 
Vdc.  The  regulator  is  capable  of  maintaining  the  ISO  Vdc  over  an 
input  voltage  range  of  from  175  to  350  Vdc. 
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Whan  tha  tranaiator  aw.rtch  ia  turnad-on,  tha  input  currant  flowa 
froa  tha  *'270  Vdc  input  lina  through  tha  output  load  (which  ia 
shuntad  by  tha  108  alcrofarad  output  filter  capacitor  banki  , 
through  tha  2.4  aillihanry  inductor,  and  through  tha  NPN 
tranaiator  awitch  (collector  to  aaitteri  to  the  270  Vdc  return. 

(Note:  Tha  output  load  ia  tha  tranaiator  bridge  inverter.) 

Tha  input  current  to  the  bulk  regulator  increaaea  aa  follows: 


where : 


di/dt  *  e/L  =  (V  -  V  )/L 
in  out 


di/dt  IS  the  time  rate  of  change  of  the  input  current 
or  the  current  through  the  2.4  millihenry 
1 nductor ; 

e  IS  the  voltage  across  the  2.4  millihenry 
i nductor ; 


L  IS  the  inductance  of  the  2.4  millihenry 
1 nductor ; 

V  IS  the  270  Vdc  input  voltage:  and 
i  n 


V  16  the  150  Vdc  output  voltage, 
out 


The  current  through  the  inductor  will  continue  to  increase  until 
the  transistor  switch  is  turned-off. 


When  the  transistor  switch  is  turned-off,  the  current  through  the 
inductor  will  continue  to  flow  in  the  same  direction.  The 
current  path  is  through  the  inductor,  through  the  free-wheeling 
diode,  through  the  output  load,  and  back  to  the  inductor.  (The 
cathode  of  the  free  wheeling  diode  ia  connected  the  '^270  Vdc 
input  lina,  and  tha  anode  is  connected  to  the  collector  of  the 
NPN  tranaiator  awitch.) 

Tha  energy  stored  in  tha  inductor  when  the  transistor  switch  was 
turned-on,  la  now  being  uaed  to  maintain  current  through  the  load 
while  the  tranaiator  awitch  la  turned-off.  The  energy  stored 
during  the  translator  on-time  is: 


2 

W  =  (1/2)  L  X  (i  ) 

peak 
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where:  W  is  energy  stored  in  the  2.4  millihenry  inductor 

In  joules; 

L  is  the  inductance  of  the  2.4  millihenry  inductor; 
and 

1  IS  peak  current  (Adc>  through  the  inductor, 

peak 

The  inductor  current  decreases  as  follows: 


where : 


di/dt  =  e/L  =  < -V  -  V  ) /L 

d  out 


di^dt  IS  the  time  rate  of  change  of  the  inductor 
current  or  the  load  current; 

e  16  the  vol tage  across  the  2.4  mill i henry 
Inductor ; 

L  IS  the  inductance  of  the  2.4  mil  henry 
1 nductor ; 


V  IS  the  voltage  across  the  free-wheeling  diode; 
d 


and 


V  IS  the  150  Vdc  output  voltage, 
out 

The  current  through  the  inductor  will  continue  to  decrease  until 
the  transistor  switch  is  again  turned-on. 

With  the  assumption  that  the  voltage  across  the  free-wheeling 
diode  (1  Vdc)  can  be  neglected,  it  can  be  shown  from  the  above 
that  the  output  voltage  is: 


V  =V  xT  /<T  *T  >. 

out  in  on  on  off 

which  shows  that  the  output  voltage  is  proportional  to  the  duty 
cycle  of  the  transistor  switch. 

XE30§i*t5E  iQYSCter.  The  transistor  bridge 

inverter  consists  of  two  transformers,  four  Solitron  SDT  13305 
transistors,  eleven  resistors,  four  capacitors,  twenty  diodes, 
and  a  bi-directional  switch.  The  function  of  the  transistor 
bridge  inverter  is  to  convert  the  regulated  150  Vdc  from  the 
switchmode  buck  regulator  power  circuit  into  an  alternating 
squarewave  voltage.  Thus,  with  alternating  voltage  available. 
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the  various  voltage  transformations  required  can  be  obtained 
by  using  transforner  techniques. 

<1)  SIQsIs  "lots!*  XESQSistgr  Switch  Circuit.  A 

single  "totes  pole"  transistor  switch  is  two  NPN  transistors 
connected  in  series  across  the  dc  rail  voltage  (th^r;  regulated  150 
VdcJ .  The  collector  of  the  upper  transistor  switch  is  connected 
to  the  positive  dc  rail  and  the  emitter  is  connected  to  the 
collector  of  the  lower  transistor  switch.  This  junction  is 
called  the  mid-point  of  the  "totem  pole"  and  is  connected  to  one 
end  of  the  output  load  (two  transformer  primaries  connected  in 
parallel).  The  emitter  of  the  lower  transistor  is  connected  to 
the  negative  dc  rail.  A  fast  recovery  diode  is  also  connected 
across  each  transistor  switch  (cathode  to  collector  and  anode  to 
emitter)  to  provide  an  alternate  current  path  when  a  transistor 
switch  is  turned-off. 

The  upper  and  lower  transistor  switches  are  alternately  turned-on 
and  off  such  that  the  midpoint  of  the  "totem  pole"  is  switched  to 
the  positive  or  negative  dc  rail  voltage.  Each  transistor 
switch  la  turned-on  slightly  less  than  505t  of  the  period  of 
the  switching  frequency  <20  kHz).  However,  both  transistor 
switches  are  never  turned-on  at  the  same  instant  of  time,  since 
this  would  cause  a  short-circuit  between  the  positive  and 
negative  dc  rail  voltage. 

^2)  Bridge  Inverter  Circuit.  The  bridge  inverter 
circuit  consists  of  two  "totem  pole"  transistor  switch 
configurations  with  the  output  load  connected  between  the  mid¬ 
points  of  the  two  "totem  pole"  transistor  switch  configurations. 
The  turn-on  sequence  for  the  transistor  switches  in  the  first 
"totem  pole"  translator  switch  configuration  is  exactly  opposite 
to  the  turn-on  sequence  for  the  second  "totem  pole"  transistor 
switch  configuration.  For  example,  the  upper  transistor  switch 
in  the  first  "totem  pole"  and  the  lower  transistor  switch  in  the 
second  "totem  pole"  are  turned -on ,  while  the  remaining  transistor 
switches  are  turned-off.  Thus,  current  from  the  positive  dc  rail 
can  flow  through  the  upper  transistor  switch  <ln  the  first  "totem 
pole"),  through  the  output  load,  through  the  lower  transistor 
switch  (in  the  second  "totem  pole")  to  the  negative  side  of  the 
dc  rail . 

After  the  upper  transistor  switch  in  the  first  "totem  pole"  and 
the  lower  transistor  switch  in  the  second  "totem  pole"  are 
turned-off;  the  lower  transistor  switch  in  the  first  "totem  pole" 
and  the  upper  transistor  switch  in  the  second  "totem  pole"  are 
turned-on.  Thus,  current  from  the  positive  dc  rail  can  flow 
through  the  upper  transistor  switch  (in  the  second  "totem  pole"), 
through  the  output  load  (but  in  the  opposite  direction  from  the 
former  case),  through  the  lower  transistor  switch  'in  the  first 
"totem  pole")  to  the  negative  side  of  the  dc  rail. 

This  switching  sequence  applies  an  alternating  squarewave  voltage 
to  the  output  load  that  is  equal  to  the  dc  rail  voltage  (minus  the 
voltage  drops  across  the  transistor  switches  (1  to  3  v). 
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For  an  inductiv«  load,  th«  load  current  can  not  Inetantaneouel / 
reverae  direction  wnen  the  tranalatora  change  atate.  When  the 
tranalatora  turn-off,  the  faat  recovery  dlodea  acroaa  each  of  the 
tranalator  awltchea  provldea  a  current  path  for  the  load  current 
to  flow  back  through  the  dc  rail  voltage  aource.  Thla  actually 
returna  energy  that  waa  atored  In  the  load  Inductance  back  to  the 
dc  rail  voltage  source  to  be  reused.  These  fast  recovery  diodes 
are  called  ''free-wheeling,*'  or  "catch"  dlodea. 

The  output  load  Is  the  primary  windings  of  two  transfomers 
(denoted  T1  and  T3)  connected  In  parallel.  Thus,  the  output  load 
haa  an  inductive  component. 

<31  Saturable  Core  Transistor  Base  Drive 
•  The  switching  frequency  of  this  inverter  la 
determined  by  the  lenght  of  time  it  takes  to  saturate  the  core  of 
a  small  transformer,  denoted  T2.  This  transformer  has  four 
isolated  windings;  each  winding  provides  base  current  drive  to 
one  of  the  four  transistor  switches.  It  is  polarized  such  that 
it  provides  positive  base  current  drive  to  only  two  tranalator 
switches  at  a  time  (e.g.,  the  upper  transistor  switch  in  the 
first  "totem  pole"  and  the  lower  translator  switch  in  the  second 
"totem  pole" ) . 

It  will  be  shown  later  that  the  current  drawn  from  the  two 
windings  supplying  positive  base  current  drive  will  be 
essentially  constant,  until  the  tranalator  switches  are  turned- 
off.  Similarly,  the  primary  current  of  Transformer  T2  will  be 
essentially  constant,  until  the  transistor  switches  are  turned- 
off  . 

Host  transformers  are  designed  not  to  saturate  in  the  operation 
intended;  they  are  designed  to  support  an  alternating  voltage 
with  a  magnitude  V  and  a  half-period  T.  In  general,  a 
transformer  will  not  saturate  if  the  V  x  T  ( vol t- second )  product 
la  not  exceeded.  The  design  of  Transformer  T2  ia  such  that  it 
does  saturate  after  a  certain  volt-second  product  has  elapsed. 

The  primary  of  Transformer  T2  is  connected  through  a  aeries 
dropping  resistor  to  a  30  Vac  secondary  winding  of  the  Output 
Transformer  T1 .  Since  the  primary  current  of  Transformer  T2  ia 
essentially  constant,  the  resultant  voltage  drop  across  the 
primary  of  Transformer  T2  ia  essentially  content.  The  design  of 
Transformer  T2  is  such  that  the  time  elapsed  to  saturate  the  core 
is  approximately  one-half  the  period  of  a  20  kHz  squarewave. 

When  the  core  of  Transformer  T2  saturates: 

<1)  the  transistor  switches  (that  were  turned-on>  turn-off 
since  they  no  longer  receive  positive  base  drive 
current ; 

(2)  the  primary  impedance  ceases  to  reflect  the  secondary 
impedance,  and  essentially  falls  to  the  very  low  dc 
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reslsLancs  of  the  primary  winding.  The  series  dropping 
reelstor  now  limits  the  current  drawn  from  the  30  Vac 
winding  to  a  reasonable  value. 

When  the  transistor  switches  (that  were  turned-on)  turn-off,  the 
partially  inductive  load  current  will  continue  to  flow  via  the 
free-wheeling  diodes  bacR  to  the  dc  rail  voltage  source.  In  so 
doing,  the  voltage  impressed  on  the  primary  of  Output  Transformer 
T1  will  be  reversed.  Subsequently,  this  reverse  voltage  will  be 
impressed  on  the  primary  of  Transformer  T2  and  bring  it  out  of 
saturation.  The  reverse  voltage  will  also  turn-on  the  other  set  of 
transistor  switches  which  will  reinforce  the  existing  base 
current  drive.  This  state  will  continue  until  Transformer  T2 
again  saturates  (but  in  the  opposite  direction)  a  half-period 
later . 

The  load  on  this  inverter  varies  considerably.  host  of  the  time, 
the  load  is  small,  but  when  the  ALC  la  turning-on  or  turning-off, 
the  load  can  be  400  W  for  lOO  milliseconds.  For  fast  and 
efficient  switching,  the  transistor  switches  should  not  be 
operated  into  deep  saturation;  they  need  high  base  drive  current 
for  high  power  output  and  low  base  drive  current  for  low  power 
output.  The  Baker  Clamp  Circuit  performs  this  service.  It  will 
not  permit  the  col 1 ector -em 1 tter  voltage  of  the  transistor 
switches  to  be  leas  than  two  diode  drops  (1.4  V).  The  only  draw 
back  is  that  Transformer  T2  must  provide  the  maximum  base  drive 
current  continuously.  The  Baker  Clamp  provides  the  proper  base 
drive  current  and  deverta  the  remaining  available  current  to  the 
collector-emitter  path. 

When  the  270  Vdc  is  initially  applied  to  the  input  of  the 
switchmode  buck  regulator,  the  regulator  output  voltage  increases 
in  a  cosinusoidal  like  fashion  from  zero  to  150  Vdc.  The 
regulator  then  maintains  the  150  Vdc  output. 

The  inverter  does  not  start  to  oscillate  until  the  regulator 
output  voltage  is  32  Vdc.  A  bi-directional  switch  is  used  to 
breakover  at  32  Vdc  and  discharge  a  0.1  microfarad  capacitor  into 
the  base  winding  of  the  lower  transistor  switch  in  the  first 
"totem  pole.”  By  transformer  action,  this  capacitor  discharge 
will  also  turn-on  the  upper  transistor  switch  in  the  second 
"totem  pole,"  which  will  start  the  inverter  to  oscillate.  (The 
capacitor  discharge  also  provides  reverse  bias  to  the  two 
remaining  translators.) 

The  inverter  oscillates  with  a  half-period  that  does  not  allow 
the  voltage  across  the  0.1  microfarad  capacitor  to  reach  32  Vdc, 
which  effectively  removes  this  starting  circuit  from  futher 
Inverter  operation. 
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SiESyit-  The  logic  circuit  for  the  low  voltage 
power  supply  provides  the  following  functions: 

(11  base  drive  switching  signals  for  the  transistor  switch 
in  the  switchaode  buck  regulator; 

(21  low  voltage  for  the  power  supply  logic  circuitry  during 
start-up  and  subsequent  operation;  and 

(31  self  protection  for  the  power  supply. 

These  functions,  and  how  they  are  implemented,  are  discussed  in 
broad  detail  in  the  following  paragraphes. 

(1)  Base  Drive  Switching  Signals.  The  base  drive 
switching  signal  to  the  transistor  switch  in  the  switchmode  buck 
regulator  has  the  following  requirements: 

(al  a  pulse  width  modulated  (PWMl  waveform  that 
properly  regulates  the  dc  output  of  the 
switchmode  buck  regulator  and 

(b)  a  specified  minimum  current  capacity. 

The  pulse  width  modulated  waveform  is  generated  by  a  Silicon 
General  (SG  1524)  integrated  circuit  <IC>.  The  IC  is  associated 
with  approximately  twelve  resistors  and  six  capacitors.  These 
components  provide  the  following  functions; 

<i)  set  switching  frequency. 

<ii)  set  dead  time. 

<111 >  feedback  voltage  proportional  to  the 
output  of  the  buck  regulator. 

<iv)  lead  network  for  feedback  st abl i zat i on , 

<v)  reference  voltage. 

<vi)  buck  regulator  output  current 
monitoring  and  limiting,  and 

(vii)  output  shutdown  or  inhibit. 

The  pulse  width  modulated  output  from  the  IC  is  amplified  by  a 
multistage  current  amplifier  (made  up  from  two  switching 
transistors)  and  then  fed  into  the  base  of  the  switching 
transistor  of  the  buck  regulator.  A  third  switching  transistor 
is  used  to  speed-up  the  sweep-out  of  the  majority  current 
carriers  from  the  base  region  to  improve  the  transistor  switching 
speed . 
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(2>  Low  Voltage  for  Logic  Circuitry- 

(a>  Steady-State  Operation.  For  steady-state 
operation,  low  voltage  for  the  power  supply  logic  circuitry  is 
provided  by  a  rectif ier /f i Iter  circuit  connected  to  a  winding 
froa  the  inverter  output  tranaforser. 

This  supply  voltage  is  proportional  to  the  dc  output  from  the 
awitchaode  buck  regulator  (and  any  aubaequent  voltage  drop(a)  in 
the  inverter  stage)  and  is  used  as  feedback  voltage  to  the  IC 
pulse  width  modulated  regulator. 

<b)  Startj^Up  Operation.  When  the  270  Vdc  input 
voltage  is  initially  applied  to  the  low  voltage  power  supply,  a 
12  Vdc  zener  diode,  two  power  reaiatora,  and  an  emitter  follower 
transistor  stage  fora  an  interim  11  Vdc  supply  for: 

(1)  the  driver  of  the  transistor  switch  in  the  switchmode 
buck  regulator  circuit; 

(2)  the  IC  pulse  width  modulated  regulator;  and 

(3)  a  voltage  level  detector  circuit  that  senses  when  the 
dc  input  voltage  is  above  160  Vdc. 

The  IC  pulse  width  modulated  regulator  is  supplied  a  shutdown 
signal  while  the  dc  input  voltage  is  below  160  Vdc.  (This  is  to 
ensure  proper  operation  of  the  Electromagnetic  Relay  with  a  pick¬ 
up  voltage  of  .’50  Vdc.) 

When  the  dc  input  voltage  is  initially  applied  (above  160  Vdc), 
the  switchmode  buck  regulator  and  Inverter  are  not  in  operation; 
and  thus,  there  is  no  feedback  voltage  present.  In  this 
condition,  the  IC  pulse  width  modulated  regulator  turns  on  the 
driver  circuit  to  turn  on  the  transistor  switch  in  the  switchmode 
buck  regulator  circuit.  The  regulator  output  voltage  increases 
in  a  cosinusoidal  fashion.  Whan  the  regulator  output  voltage 
reaches  32  Vdc,  the  inverter  stage  starts  to  oscillate  and 
produce  output  voltage.  This  produces  an  increasing  feedback 
voltage  to  the  IC  pulse  width  modulated  regulator  circuit.  When 
the  feedback  voltage  reaches  the  set  point,  the  IC  regulator  will 
cut  down  the  duty  cycle  of  the  pulse  width  modulation  and 
maintain  a  stable  output  voltage  from  the  inverter  stage. 

The  steady-state  low  voltage  supply  now  back-biases  the  interim 
11  Vdc  supply,  and  effectively  removes  the  components  of  the  11 
Vdc  supply  from  operation.  The  interim  supply  is  designed  for 
only  a  short  period  of  operation  during  the  start-up  sequence  (1 
or  2  seconds,  maximum).  If  the  unit  does  not  start-up  properly, 
the  interim  supply  can  be  damaged  (unless  the  dc  input  voltage  is 
quickly  removed). 
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<3>  Seif  PE9t@ction.  Th®  low  voltage  power  supply  has 
two  self  protection  circuits  for  the  buck  regulator  output: 
current  lisiting  and  shutdown  due  to  low  dc  input  voltage. 

<al  CJyrrent  Limiting  Circuit.  The  peak  current 
of  the  buck  regulator  is  monitored  by  sensing  the  voltage  across 
a  small  resistance  in  the  emitter  of  the  switching  transistor. 
This  voltage  la  electronically  coupled  to  a  filter  circuit  and 
then  to  the  current  limiting  port  of  the  IC  regulator.  The 
filter  circuit  is  a  capacitor  with  a  practically  instantaneous 
charge  time  constant  and  a  fairly  long  dlacaharge  time  constant 
(ISO  mlcrosecondal . 

If  the  peak  current  rises  above  the  set  point,  the  IC  regulator 
will  quickly  reduce  the  buck  regulator  output  voltage  by 
decreasing  the  duty  cycle  of  the  pulse  width  modulator  output. 

If  the  peak  current  falls  below  the  set  point,  the  voltage  stored 
on  the  capacitor  in  the  filter  circuit  will  continue  to  maintain 
a  reduced  output  voltage  for  approximately  500  microseconds 
(three-time  constants) .  If  the  peak  current  continues  to 
increase  above  the  set  point,  the  output  will  be  completely  cut- 
of  f . 


(b)  Low  Dc  Input  Voltage  Shutdown.  The  low 
voltage  power  supply  is  shutdown  when  the  dc  input  voltage  is 
below  160  Vdc.  This  is  to  ensure  proper  pick-up  voltage  for  the 
Electromagnetic  Relay  (150  Vdc).  If  the  relay  is  energized  below 
this  voltage,  it  may  not  be  able  to  transfer  from  it  momentary 
pull-in  coil  (2  Adc,  maximum)  to  the  steady-state  operating  coil 
(55  mAdc,  maximum).  Thus,  the  pull-in  coil  would  be  damaged 
after  about  30  seconds  or  less. 

However,  if  the  input  voltage  should  drop  below  160  Vdc  during 
an  "on"  period  of  operation,  the  low  voltage  power  supply  would 
shutdown  and  would  cause  the  following  serious  problem:  the  main 
transistor  switch  would  open  before  the  Electromagnetic  Relay  and 
force  the  Relay  to  open  the  load  current.  The  dc  input  voltage 
level  detector  circuit  can  be  redesigned  such  that  the  drop-out 
voltage  is  below  32  Vdc. 

d.  nultipls  Oc  Output  Voltages.  The  low  voltage  power 
supply  has  four  groups  of  isolated  voltages  dedicated  to  ALC 
operation.  Three  of  the  isolated  groups  have  secondary  windings 
on  Inverter  Output  Transformer  Tl,  and  the  forth  group  has 
secondary  windings  on  Inverter  Output  Transformer  T2  (the 
primaries  of  Tl  and  T2  are  connected  in  parallel).  Each  group 
has  full-wave  diode  rectification  and  a  capacitor  input  filter. 

(1)  5E9yB'  The  first  group  of  isolated  voltages 

is  for  the  customer  interface  and  consists  of  the  following 
voltages:  *28  Vdc,  *15  Vdc,  -15  Vdc  and  Common  #1. 
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(2>  SESyE'  second  group  of  isolated 

voltages  is  for  the  ALC  logic  with  the  potential  reference  of  the 
input  270  Vdc  return.  The  group  provides  the  following  voltages: 
♦15,  -15  Vdc  and  Cosson  #2- 

<35  Third  Group.  The  third  group  of  isolated  voltages 
IS  for  the  ALC  logic  with  the  potential  reference  of  the  output 
load  (♦270  Vdc).  The  group  provides  ♦lO  Vdc  and  Cosson  #3. 

<45  Eerth  Group.  The  forth  group  of  isolated  voltages 
has  the  ease  potential  reference  as  the  third  group  and  is 
dedicated  to  the  base  current  driver  that  turns-on  and  off  the 
Bain  translator  power  switch.  The  group  supplies  ♦T  Vdc,  -7  Vdc 
and  Coamon  #3.  For  load  currents  of  400  to  600  Adc  the  group 
must  be  able  to  supply  fro»  60  to  80  A  at  *5  Vdc  during  the 
switching  period. 


CAUTION : 

270  VDC  CAN  EXIST  BETWEEN  GROUP  2  COMMON 
AND  GROUPS  3  AND  4  COMMON. 

DO  NOT  CONNECT  DIFFERENT  COMMONS  TOGETHER 
WITH  TEST  EQUIPMENT,  E.G. 

GROUPS  3  AND  4  COMMON  CAN  BE  AT  *270  VDC  POTENTIAL. 
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IV.  CIRCUIT  SIMPLIFICATIONS 

1.  ORIGINAL  SCHEMATIC  DIAGRAM, 

Tha  original  •chenatic  diagram  For  ths  ALC  is  shown  in  Figures 
14-A  through  14-D. 

2.  PRESENT  SCHEMATIC  DIAGRAM. 

The  present  schesatic  diagram  For  the  ALC  is  shown  in  Figures  15- 
A  through  15-D. 

3.  CIRCUIT  REFINEMENTS, 

a.  Auxiliary  lE5QSiSLor  Switch  Turn-On  Circuit.  The 
initial  design  oF  the  ALC  used  an  auxiliary  turn-on  circuit  to 
provide  base  drive  current  Into  the  Translator  Power  Switch 
beFore  the  electromagnetic  relay  (EMR)  contacts  opened  to  ensure 
that  load  current  properly  transFerred  from  the  EMR  contacts  to 
the  main  Transistor  Power  Switch  when  the  contacts  opened.  The 
Auxiliary  Translator  Switch  Turn-On  Circuit  used  the  turn-off 
signal  to  by-paaa  the  Baker  Clamp  circuit  to  provide  maximum  base 
drive  current  to  the  Translator  Power  Switch  during  the  period  of 
load  current  transfer.  Laboratory  testa  have  shown  that  this 
circuitry  is  not  required  For  load  currents  oF  &00  Adc  and  below. 
Therefore  this  circuitry  was  removed, 

h.  22yt!i§rEQded  EMR  Coil  Orilfgr  The  basic 

operation  oF  the  electromagnetic  relay  (EMR)  has  been  previously 
discussed  (III,  INTERNAL  FUNCTIONS  OF  SUBSYSTEMS,  2.b,), 

The  135  ohm  pull-in  coil  (coil  #1)  oF  the  electromagnetic  relay 
(EMR)  is  connected  between  terminals  XI  and  D;  the  6200  ohm 
econlmlzer  coil  (coil  #2)  is  connected  between  terminals  D  and 
X2.  The  initial  design  of  the  ALC  used  three  2  Adc  transistor 
power  switches  and  three  free  wheeling  diodes  to  turn-on  and  off 
the  EMR.  Transistor  switch  Q19  was  connected  between  ALC 
terminal  A2  (losdl  and  EMR  terminal  XI.  Thus,  the  turn-on  of 
transistor  switch  019  applies  *270  Vdc  to  the  EMR  terminal  XI 
(assuming  that  the  ALC  main  transistor  switch  is  turned-on). 
Transistor  switch  020  conected  EMR  terminal  .0  to  the  270  Vdc 
return  and  controlled  the  on-time  of  the  pull-in  coll. 

Transistor  switch  022  connected  EMR  terminal  X2  to  the  270  Vdc 
return  and  controlled  the  on-time  of  the  econlmizer  coil.  The 
first  free  wheeling  diode  was  connected  between  EMR  terminals  XI 
and  O  (cathode  to  XI,  anode  to  D,  respectively);  the  second  free 
wheeling  diode  was  connected  from  ALC  terminal  A1  (*270  Vdc)  to 
EMR  terminal  X2  (cathode  to  Al,  anode  to  X2,  respectively);  and 
the  third  free  wheeling  diode  was  connected  from  EMR  terminal  XI 
to  the  270  Vdc  return  (cathode  to  XI,  anode  to  return, 
respectively) . 
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Th«  EWR  wa»  energized  by  turning-on  all  three  transistor 
switches,  019,  020,  and  022.  When  the  sain  contacts  pulled-in, 
the  EMR  econialzer  switch  would  turn-off  transistor  020  which 
would:  <1J  force  the  first  free  wheeling  diode  to  conduct  current 
around  the  pull-in  coll  until  Its  value  decayed  from  2  Adc  to  50 
sAdc  and  <2)  allow  the  econialzer  coll  to  be  energized. 

The  ENR  was  turned-off  by  turning-off  both  transistor  switches 
019  and  022,  and  forces  the  second  and  third  free  wheeling  diodes 
to  free  wheel  the  econialzer  coll  current  through  the  270  Vdc 
source.  The  econialzer  coll  current  rapidly  decays  and  allows 
the  EMR  aaln  contacts  to  open. 

In  an  effort  to  reduce  the  parr-s  count,  the  present  design 
ellalnated  the  transistor  switch  019  (In  line  with  EMR  terminal 
XI);  the  associated  driver,  opto- laol ator ,  and  Isolated  low 
voltage  supply;  and  the  second  and  third  free  wheeling  diodes. 

In  return,  the  present  design  added  a  direct  connection  between 
EMR  teralnal  XI  and  ALC  terminal  A2  and  a  free  wheeling  diode 
between  EMR  terminals  X2  and  XI  (cathode  to  X2,  anode  to  XI, 
respectively) . 

This  change  caused  the  EMR  release  tine  to  increase,  but 
laboratory  teats  with  the  first  Hartman  EMR  prototype  showed  that 
operation  with  the  Increased  release  time  was  acceptable. 

However,  recent  tests  on  three  Hartman  EMR  prototypes  have  shown 
that  they  had  a  wide  range  of  release  times  and  suggested  that 
the  original  turn-off  scheme  might  be  more  beneficial.  To  reduce 
the  release  times,  a  10,000  ohm  resistor  was  Inserted  In  series 
with  the  free  wheeling  diode  connected  between  EMR  terminals  X2 
and  XI;  and  a  0.033  microfarad  capacitor  was  connected  from  EMR 
terminal  X2  to  the  270  Vdc  return  (to  absorb  the  voltage  spike 
across  the  col lector -eal tter  of  translator  switch  Q22). 

MORE  RECENT  TESTS  HAVE  SHOWN  THAT  THE  OPERATION  OF  THE  EMRs  IS 
MORE  DEPENDENT  UPON  A  NUMBER  OF  EXTREMELY  CRITICAL  MECHANICAL 
ADJUSTMENTS  (WHICH  MAY  VARY  WITH  EMR  USE)  THAN  IT  IS  ON  THE  DECAY 
OF  CURRENT  IN  THE  ECONIMIZER  COIL. 

c.  Tsr505iSt9E  switch  Sweep-Out  Circuit.  The  Initial  design 
of  the  ALC  used  a  base  current  sweep-out  circuit  with  the  same 
current  capacity  as  the  present  base  current  driver  (dO  Adc)  to 
obtain  fast  turn-off  of  the  main  transistor  switch.  In  the  ALC 
application,  fast  turn-off  of  the  aaln  translator  switch  la  not 
required,  nor  desired,  since  fast  turn-offs  produce  high  voltage 
spikes  on  the  dc  Input  voltage.  Laboratory  tests  showed  that 
satlsfcctory  switching  of  400  Adc  and  600  Adc  were  obtained  with 
the  present  design,  which  ellalnated  the  use  of  five  TO-3  power 
transistors  and  the  need  for  a  high  current  -7  Vdc  supply. 

8*duction  Of  ;7  Vdc  Currant  Capacity.  See  the 
discussion  above. 
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®'  QsiStiSD  Vgrlou*  ?C89^:;yB  And  Bakvr  CI35B  6iodg». 

Much  of  th»  •l«ctronic  •xp«ri*nc«  of  AN5  is  wiLh  fast  switching, 
high  frsqusncy,  powsr  switching  transistor  applications.  Ths 
initial  dsslgn  of  ths  ALC  was  donw  ovsr  a  vary  short  period  of 
tiaa  and  such  of  ths  ANS  standard  circuits  want  into  the  initial 
design.  In  ths  packaging  phase,  it  was  necessary  to  review  the 
entire  design  and  reduce  the  parts  count  where  ever  possible.  In 
a  nuaber  of  places  speed-up  diodes  and  Baker  Clasps  wera  not 
actually  required  for  ALC  application  and  were,  therefore, 
el Isinated . 

V,  BASIC  LIMITATIONS 


1.  SAFETY  NOTE. 

The  leakage  current  detector  aonitors  the  dc  load  current  from 
the  ALC  output  without  any  direct  electrical  connection.  This  is 
a  proprietary  itea  and  is  purchased  froa  Aaerican  Aerospace 
Controls,  Inc.  It  is  designed  to  sense  current  over  the  range  of 
0.2  to  3  aAdc  with  an  accuracy  of  4X  over  a  teaperature  range 

of  */-  75  degrees  C.  It  has  a  linear  output  of  1  Vdc/aAdc  to  8 
aAdc.  The  aaxiaua  output  voltage  is  lO  Vdc  and  is  obtained  froa 
10  aAdc  to  4.25  Adc.  Above  4^25  Adc  the  sensor  output  drops  to 
zero . 

THUS,  IF  THE  TRANSISTOR  SWITCH  SHOULD  FAIL  TO  TURN-OFF  (OR  IF  ANY 
TYPE  OF  A  SHORT-CIRCUIT  EXISTS  BETWEEN  TERMINALS  A1  AND  A2i  THE 
FAILURE  ALARM  LIGHT  WILL  NOT  SHOW  THIS  DANGEROUS  CONDITION, 

UNLESS  THE  LOAD  CURRENT  IS  BELOW  4.25  ADC. 

If  the  aain  relay  contacts  weld  close,  the  failure  alara  light 
will  function  properly  only  if  the  auxiliary  contacts  follow  the 
aain  contacts  and  do  not  change  state. 

2.  INTRODUCTION. 

This  section  and  the  following  section  (BASIC  FAILURE  MODES.) 
allowed  the  designers  of  the  ALC  to  review  the  ALC  systea  and 
component  design  concepts  that  were  conceived  by  AMS  in  May  of 
1983.  At  that  tlae,  there  was  little  laboratory  data  to  confira 
one  design  concept  over  another.  Funding  liaitations  required  a 
very  short  design  period,  yet  the  design  had  to  be  "bullet¬ 
proof,"  straight  forward,  and  consiatant  with  ANS  technology 
(high  power,  fast  switching  transistor  applications).  The  review 
was  based  on  the  experience  gained  by  fabricating  and  testing  a 
breadboard  and  two  prototype  Advanced  Line  Contactors  (ALCs). 
During  the  review,  the  following  stateaent  was  frequently  voiced: 
"In  the  next  design,  we  should  do  it  this  other  way,  rather  than 
that  way,  because  .  .  ." 

3.  BASIC  LIMITATIONS: 

s-  5yQ?fei9!J*  The  function  of  the  Advanced  Line  Contactor 
(ALC)  is  to  turn-on  and  turn-off  currents  of  400  Adc  and  below  in 
a  dc  circuit.  This  function  should  not  be  confused  with  the 
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protectiv®  function  of  a  circuit  brsakar  to  open  large  overload 
current*.  The  ALC  ie  aieply  a  switch  with  a  finite  tiae  (75 
Milliseconds,  saxiMusi  to  turn-on  or  turn-off  a  load  current  of 
400  Adc  (aaxiaua).  In  an  overload  condition,  the  ALC  ia  capable 
of  turning-on  and  off  600  Adc  three  tiaea  in  a  two  (2)  ainute 
period;  it  ia  not  designed  to  open  load  currents  above  600  Adc. 

lDEyfe:^9y tEyt  ?yEEE®§®9Sr  tisitatigns.  In  any  direct 
current  switching  application  the  stored  energy,  associated  with 
the  dc  input  circuit  inductance  and  the  output  load  circuit 
inductance  plays  a  major  role  in  the  success  or  failure  of  the 
switching  device.  In  the  ALC  design,  input  and  output 
suppressors  have  been  incorporated  to  control  the  release  of 
this  energy. 

The  input  and  output  suppressors  have  limited  dissipation 
abilities;  but  in  the  case  of  the  input  suppressor  the  allowable 
dissipation  is  not  well  defined.  Thus,  if  the  input/output 
circuit  inductance  ia  increased  sufficiently,  either  suppressor 
can  be  made  to  fail.  Although  the  circuit  parameters  of  the 
Input/output  circuit  Inductances  have  not  been  contractually 
defined,  a  paper  design  eatiaate  indicated  that  the  ALC  should  be 
able  to  function  satisfactory  with  1.5  aH,  aaxiaua,  in  the  dc 
input  circuit,  and  1.2  sH,  aaxiaua,  in  the  output  load  circuit. 
This  eatiaate  has  not  been  confirmed  in  laboratory  testing. 

c.  L2§§l9Cl.S9£yES£i2Q  9iE2yit  Ogeratign. 

(1)  If  the  ALC  turn*-on  into  a  shorted  or  too  heavy  of 
a  load,  the  Loss-Of -Saturation  (L0S>  circuitry 
will ; 

(a)  turn-off  the  transistor  switch  in  less  than 
100  microseconds  and 

<b)  prevent  the  relay  from  closing  into  the  fault 
current . 

The  result  is  that  there  will  be  no  damage  to  the 
unit . 

(2)  HOWEVER,  IF  THE  ALC  (IN  THE  ”0N"  CONDITION)  IS 
ASKED  TO  SWITCH-OFF  A  LOAD  CURRENT  ABOVE  600  ADC, 
THE  LOS  (IF  ACTIVATED)  WILL  TURN-OFF  THE  POWER 
TRANSISTOR  SWITCH  IN  LESS  THAN  100  MICROSECONDS, 
WHICH  WILL  DE-ENERGIZE  THE  RFLAY.  IN  THE  ATTEMPT 
TO  OPEN  THIS  EXCESSIVE  CURRENT,  THE  RELAY  WILL 

BE  DAMAGED. 

The  elimination  of  the  LOS  circuit  might  allow  the 
unit  to  survive  over  current  excursions  at  the 
expense  of  some  transistor  failures. 

(I*  TE3Q5i§fe2E  52y*¥I  5sitch  Limitatign.  If  the  relay  main 
contacts  fail  to  close,  the  transistor  power  switch  will  be 
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forced  to  carry  the  load  current  continuously.  Since  there  is  no 
transistor  heat  sinking  for  continuous  operation,  the  transistor 
lunction  tesperature  will  continue  to  rise  until  it  reaches  200 
degrees  C,  where  the  silicon  will  salt  and  cause  the  transistors 
to  fail  (short-circuit).  The  shorted  transistor  switch  will 
continue  to  carry  load  current,  but  will  be  unable  to  turn-off 
the  load.  Therefore,  future  designs  should  include  fail  safe 
contact  closure. 

•  Tests  have  shown 

that  the  operation  of  the  EHR  is  dependent  upon  a  nuaber  of 
extreaely  critical  aechanical  adjustments  (which  ray  vary  with 
ENR  use) .  If  the  energizer  switch  is  adjusted  to  open  too  soon, 
the  main  contacts  may  not  seat  properly,  or  may  cause  the  ENR  to 
chatter.  If  the  energizer  switch  is  adjusted  to  open  too  late, 
the  pull-in  coil  may  be  continuously  excited  and  will  burn-up. 
Similarly,  if  the  ENR  "throw"  adjustment  is  too  short  the  main 
contacts  will  not  seat  properly;  if  too  long,  the  aolerold  may 
not  seat  properly  and  the  force  generated  by  the  solenoid  may  not 
be  enough  to  properly  seat  the  contacts. 

Future  designs  will  use  a  energizer  switch  (with  a  non-critical 
adjustment)  and  time  delay  circuits  to  electronically  transfer 
from  the  energizer  coll  to  the  econimizer  coil. 

toy  Voltage  Power  Supply  Shutdgwn  Circuit.  The  present 
design  has  a  protection  circuit  that  will  shutdown  the  low 
voltage  power  supply  if  the  dc  input  voltage  falls  below  ISO  Vdc. 
The  original  purpose  was  to  protect  the  ENR  from  attempting  to 
turn-on,  if  the  do  input  voltage  was  below  the  ENR  pick-up 
voltage  of  150  Vdc. 

If  the  ALC  has  been  turned-on  and  then  the  dc  input  voltage  falls 
below  160  Vdc,  all  low  voltage  will  be  shutdown  until  the  dc 
input  again  rises  above  approximately  170  Vdc.  When  the  low 
voltage  is  shutdown,  the  main  transistor  switch  will  not 
function,  the  ENR  coil  driver  transistor  will  turn-off,  and  the 
ENR  will  be  left  to  open  the  load  current. 

In  future  designs,  a  feature  should  be  implemented  such  that 
the  start-up  voltage  is  160  Vdc,  or  greater,  and  the  drop-out 
voltage  is  below  32  Vdc. 
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VI.  BASIC  FAILURE  MODES 

1.  INTRODUCTION.  Thi*  aacLion  details  basic  failure  aodes  for 
the  na^or  ALC  subsystess. 

2.  ALC  SUBSYSTEMS.  The  ALC  can  be  divided  into  the  sijc 
following  subsysteas: 

<  1  ■>  Main  Transistor  Power  Switch, 

(2)  Electromagnetic  Relay  (EMR), 

(3)  Transistor  Switch  Driver  and  Logic, 

(4)  EMR  Driver  and  Logic, 

(5)  Customer  Interface  Logic,  and 

(6)  Low  Voltage  Power  Supply. 

3.  FAILURE  SYMPTOMS.  The  ALC  has  only  two  meaningful  normal 
states: 

a.  energized  and  not  carrying  load  current  (off>  and 

b.  energized  and  carrying  load  current  (on). 

(The  third  state,  i.e.,  not  energized  and  not  carrying  load 
current,  is  superfluous.) 

The  ALC  can  have  the  following  failure  symptoms  (as  well  as 
others  not  listed): 

a.  will  not  turn-on; 

b.  will  not  turn-off; 

c.  will  not  turn-on  with  proper  transistor  switch/EMR 

timing  sequence; 

d.  Will  not  turn-off  with  proper  transistor  switch^EMR 
timing  sequence; 

e.  will  turn-on,  but  voltage  across  ALC  terminals  A1-A2  is 
too  high: 

(1)  EMR  contact  voltage, 

(2)  transistor  switch  saturation  voltage; 

f.  will  turn-on,  but  voltage  across  ALC  terminals  A1-A2  is 
erratic: 

(1)  EMR  contact  voltage, 

(2)  transistor  switch  saturation  voltage; 
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g.  will  turn-on,  but  timing  of  voltages  across  ALC 
terminals  A1-A2  is  erratic: 

<11  EUR  contact  voltage, 

<2)  transistor  switch  saturation  voltage; 

h.  the  dc  input  current  exceeds  150  raAdc  (at  270  Vdci  with 
the  ALC  turned-off;  and 

1.  excessive  heat  from  the  ALC  enclosure  (50  degrees  C,  hot 
to  the  touch! . 


The  likelyhood  of  each  ALC  subsystem  causing  a  particular  failure 
sysmptom  is  evaluated  in  TABLE  11  as  follows; 

NA  Not  Applicable 

X  Probable  Subsystem  Failure 

0  Possible  Subsystem  Failure 

If  one  looks  deeply  enough,  each  subsystem  could  cause 
practically  all  of  the  failure  symptoms  listed.  This  table  only 
gives  the  primary  (probable)  and  secondary  (possible)  subsystem 
failures  that  could  give  the  particular  failure  symptom  in 
question.  Thus,  "Not  Applicable"  (NA)  may  not  rule  out  a 
subsystem  from  being  a  problem  area. 
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TABLE  II.  FAILURE  SYMPTOHS  VS.  PROBABLE/POSSIBLE  SUBSYSTEM 

failures 
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a  .  will  not. 

turn-on  X  O  X  0  X  X 

b.  will  not 

turn-off  X  X  X  X  X  X 

c .  will  not 
turn-on  with 
proper 
transistor 
swi tch / EMR 
tiaing 

sequence  0  X  0  X  NA  0 

d .  will  not 
turn-off  with 
proper 
transi stor 
swi tch/EMR 

t la i nq  sequence  0  X  0  X  NA  0 

e.  will  turn-on, 
but  voltage 
across  ALC 
terainals 
A1-A2  is 

too  high: 

(1)  EMR 
contact 

voltage  O  X  O  X  NA  O 

(2) 

transi stor 
swi tch 
saturation 

voltage  X  O  X  0  NA  X 
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TABLE  II.  FAILURE  SYMPTOMS  VS.  PROBABLE/POSSIBLE  SUBSYSTEM 

FAILURES  (CONTINUED) 
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contact 
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C  2  ) 
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swi tch 
saturation 

voltage  X  O  X  0  NA  X 

g .  Will  turn-on , 
but  timing  of 
vol tages 
across  ALC 
terminals 
Aa-A2  is 
erratic 

(1)  EMR 
contact 

voltage  O  X  O  X  NA  O 

<2) 

transistor 

switch 

saturation 
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TABLE  II.  FAILURE  SYMPTOMS  VS.  PROBABLE/ P0S3I BLE  SUBSYSTEM 

FAILURES  (CONTINUED! 
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h.  the  dc  input 
current  exceeds 
150  mAdc  (at 
270  Vdc)  With 

the  ALC  turned -off  NA  NA  0  0  0  X 

i.  excessive  heat 
from  the  ALC 
enclosure  <50 
degrees  C.  hot 

to  the  touch)  X  X  X  X  NA  X 


KEY  TO  symbols: 

NA  NOT  APPLICABLE 

X  PROBABLE  SUBSYSTEM  FAILURE 

O  POSSIBLE  SUBSYSTEM  FAILURE 
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VII.  LABORATORY  TEST  RESULTS 

1.  SUMMARY  OF  TEST  SET-UP  AND  PROCEDURE 

*'  trisfe  §9yiE?5®Dfe*  A  liet  of  test  equipment  i» 

ahown  in  Tabla  III. 

TABLE  III 

*1 .  Dc  Powar  Supply  #1;  Rapid  Electric  Co.  Inc,,  O  to  400  Vdc  @ 
800  Adc  (aaxiaua).  Shop  Order  87221,  S/N  1282427 

#2-  Dc  Power  Supply  #2:  Kepco  Inc.,  O  to  40  Vdc  @  300  aAdc 
(aasciaua).  Model  ABC  30-3M 

#3.  Circuit  Breaker  CBl :  General  Electric  Co.,  POWER  BREAK,  600 
A  9  250  Vdc,  TPy2606,  S/N  157200 

*4.  Current  Shunt  SHI:  500  Adc  @  50  aVdc,  PR0500-2 

*5.  Load:  Simplex  Inc,,  180  kW  (maximumi  in  1  kW  steps  9  270 

Vdc,  Dwg  47D31349,  S/N  9375 

**6.  Dc  m  1 1 1 1  vol  t  met  ©r  ,  m  1 1 1 1  ammet  ©r  ,  and  voltmeter:  Fluke,  8O20A 
»ul tlaeter (al 

*7.  Command  Control  Box: 

Toggle  Switch  (2PST) 

100  oh*  lOT  Potentiometer 
Nllliaaaeter :  Simpaon,  O  to  25  *Adc 
28  Vdc  Light 

#8.  Oscilloscope:  Hewlett-Packard  Storage  Scope  (10  MHz),  Model 

1741A 

N9.  Scope  Camera:  Hewlett-Packard ,  Model  197B 
#10.  Isolator:  Tektronix  Inc,,  Model  A6902A 
#11.  Isolation  Transformer:  Stancor 
#12.  Miscellaneous 


I®§t  Circuit.  The  circuit  for  testing  the  ALC  is  shown 
in  Figure  16. 
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c.  Prgceduro. 

(11  Connect  the  ALC  unit  as  shown  in  Fi9ure  1&. 

<2J  With  the  output  load  open  circuited  and  the 
nillivoltmeter  removed  from  across  the  ALC  terminals  A1  and  A2; 
insert  a  dc  milliammeter  in  series  with  the  ♦dc  input  line  to  ALC 
terminal  A1 .  Adjust  the  dc  input  voltage  to  265  Vdc  and  read  the 
no-load  input  current  to  the  ALC  for  the  off  condition.  Repeat 
at  280  Vdc. 

<31  Re-connect  the  load  and  the  mi 1 1 ivoltmeter  as  shown 
in  Figure  16.  Select  a  1  kW  load  (0  270  Vdc) . 

<a)  Slowly  turn  the  100  ohm  input  command  signal 
potentiometer  CW  from  zero  until  the  ALC  unit  initially  turns  on. 
Record  the  milliamperes  required  on  the  data  sheet. 

<h)  Similarly,  slowly  turn  the  100  ohm  input 
command  signal  potentiometer  CCW  until  the  ALC  unit  turns  off. 
Record  the  milliamperes  required  on  the  data  sheet.  (Note:  Reset 
input  command  for  10  mAdc  “on"  signal.) 

(4)  For  each  of  the  following  load  currents:  4.5,  100, 

200,  300,  400,  500,  and  600  Adc;  record  the  voltage  drop  across 
ALC  terminals  A1-A2  (using  zener  diode  clamp  circuit  shown  in 
Figure  17)  during  the  ALC  turn-on  and  turn-off  periods.  Use  the 
input  command  signal  to  the  ALC  as  a  trigger  and  reference.  Also 
record  the  actual  load  current  and  the  steady-state  and  transient 
voltage  drops  across  ALC  terminals  A1  and  A2. 

(5)  For  600  Adc  load  currents,  turn-on  and  off  the  unit 
a  minimum  of  three  times  within  a  two  minute  period.  (Note: 
Turn-on  ALC  only  long  enough  to  take  data  readings.) 

(6)  For  a  load  current  of  400  Adc  (except  as  noted), 
record  the  following  waveforms  during  the  ALC  turn-on  and  turn¬ 
off  periods  (using  the  input  command  signal  as  a  trigger  and 
reference) : 


(a)  the  voltage  drop  across  ALC  terminals  A1-A2 
(using  the  zener  clamp  circuit  shown  in  Figure  17); 


(b)  the  dc  input  voltage 
A1  to  the  270  Vdc  return),  the  dc  output 
(terminal  A2  to  the  270  Vdc  return),  and 
ALC  terminals  A1-A2  (not  using  the  zener 


to  ALC  (across  terminal 
voltage  from  the  ALC 
the  voltage  drop  across 
clamp  circuit); 


(c)  the  dc  input  current  to  ALC  terminal  A1  (lOO 
Adc,  maximum);  and 


(d)  the  dc  output  current  from  ALC  terminal  A2 
(lOO  Adc,  maximum). 
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TO  Al 


TO  A2 


TO 

OSCILLOSCOPE 


Figure  17.  Voltage  Clamp  Circuit  for  Observing  Transistor 
Switch  and  Relay  Contact  Voltage  Drops. 
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2.  SUMMARY  OF  FINAL  TEST  RESULTS 
UNIT  #1  TESTED  ON  29  MAY  1986;: 

No-Load  Input  Current  at  265  Vdc: 

at  280  Vdc; 

At  4.5  */-  0.5  Adc  Load  Current: 

Turn-On  Command  Current: 

Turn-Off  Command  Current: 

Turn-On  Tame  <from  turn-on 
current  command  to  relay 
contact  closure! ; 

Turn-Off  Time  (from  turn-off 
current  command  to  transaator 
swatch  turn-off) 


113  mAdc 
110  mAdc 

>  7.58  mAdc 
<  2.32  mAdc 

32  mS 

75  mS 


Dc  Input  Voltage;  280  Vdc: 


LOAD 

CURRENT 

IN  ADC 

ACTUAL 

LOAD 

CURRENT 

IN  ADC 

STEADY-STATE 
VOTAGE  DROP 
ACROSS  A1-A2 
IN  mV 

MAXIMUM  FORWARD 
VOLTAGE  DROP 
ACROSS  TRANSISTOR 
SWITCH  IN  mV 

4 . 5 

4,5 

3.1 

200 

lOO 

105 

35.2 

600 

200 

207 

63.5 

800 

300 

315 

89 

1100 

400 

410 

112.5 

1400 

500 

500 

133.9 

1800 

600  • 

620 

175.8 

4000 

600  • 

620 

175.8 

4000 

600  • 

620 

175.8 

4000 

•  Three 

runs  conducted 

wathan  a  two 

manute  peraod. 
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2.  SUMMARY  OF  FINAL  TEST  RESULTS  (CONTINUED) 
UNIT  #2  TESTED  ON  29  WAY  1986: 

No-Load  Input  Current  at  265  Vdc; 

at  280  Vdc: 

At  4.5  * / -  0.5  Adc  Load  Current: 

Turn-On  Command  Current: 

Turn-Off  Command  Current: 

Turn-On  Time  (from  turn-on 
current  command  to  relay 
contact  closure) ; 

Turn-Off  Time  (from  turn-off 
current  command  to  transistor 
switch  turn-off) 


115  mAdc 
112  mAdc 


>  7.5  mAdc 
<  2.4  mAdc 


33  mS 


74  aS 


Dc  Input  Voltaqe:  280  Vdc: 


LOAD 

CURRENT 

IN  ADC 

ACTUAL 

LOAD 

CURRENT 

IN  ADC 

STEADY-STATE 
VOTAGE  DROP 
ACROSS  A1-A2 

IN  mV 

MAXIMUM  FORWARD 
VOLTAGE  DROP 
ACROSS  TRANSISTOR 
SWITCH  IN  mV 

4 . 5 

4 . 5 

7.9 

200 

100 

102 

116 

600 

200 

202 

180 

800 

300 

308 

210 

1100 

400 

403 

250 

1300 

500 

523 

306 

1800 

600  • 

610 

316 

2600 

600  • 

610 

316 

2600 

600  • 

610 

316 

2600 

•  Three  runs  conducted  within  a  two  minute  period. 
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3.  WAVEFORMS  OF  ALC  OPERATION. 

Th«  following  pages  contain  operational  waveforms  of  ALC 
units  #1  and  #2.  Table  IV  contains  notes  and  abbreviations 
associated  with  the  waveforms. 


TABLE  IV,  WAVEFORM  NOTES  AND  ABBREVIATIONS 


NOTES: 

a.  A  voltage  clamp  is  required  to  observe  transistor  and 
contact  voltage  drops  in  a  270  Vdc  circuit.  Such  a  clamp 
IS  shown  schematically  in  Figure  17. 

b.  Waveforms  will  be  triggered  by  the  turn-on/turn-off  input 
command  voltage  signal  across  ALC  terminals  R1  and  R2 , 

c.  The  uDoer  trace  zero  line  is  four  (4>  divisions  from  the 
bottom  line.  The  lower  trace  zero  line  vs  one  (1) 
division  from  the  bottom  line. 


ABBREVIATIONS 


MEANINGS 


A1-A2  VOLTAGE 
(CLAMPED) 
V/DIV 


Voltage  across  ALC  terminals  A1  and  A2 
16  clamped  (see  Note  a,,  above)  and  has  a 
vertical  sensitivity  of  _  V/Div. 


COMMAND 

VOLTAGE 

V/DIV 


Input  command  voltage  signal  across  ALC 
terminals  R1  and  R2  (J4-3  and  J4-4, 
respectively)  and  has  a  vertical 
sensitivity  of  _  V/Div. 


load: 

ADC 


The  load  current  is 


Adc . 
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WAVEFORMS  uF  ALC  OPERATION:  UNIT  #i; 


LOAD  : 

4.5  ADC 


A  I  -  A  2  Vl:  LT  AG  c. 
i CLAMPED ) ; 
200  .11  V  /  D  I  V 


MM  AND 
V  O  L  T  A  0  .z  : 
1  0  V  ■  D  I  V 


H  OR  I  CCA'- 
SCALE  : 
20  ji  s  /  rc  .• 


1.0 AD  : 
105  ADC 


Ai-A2  VOLTAGE 
'  2:_AMPE  ;■  ; 

500  m '/  .  1  - 

COMMAND 
VOLTAGE : 

1  O  7  /  D  I  V 


rlORIEONTA^ 
SCALE : 

20  mS/DIV 


\  >1 
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waveforms  of  ALC  OPERATION:  UNIT  #1:  (CONTINUED): 


LOAD : 
207  ADC 


A1-A2  VOLTA'-E 
f  CLAMPED  )  : 
500  m  V / D  I  V 


COMMAND 
VOLTAGE  : 
10  V ' D  I  V 


H  0  R I  Z  0  N  T  A  L 
SCALE ; 

20  mS/DIv 


load: 

215  ADC 


AI-A2  VOLTAGE 
CLAMPED ; : 

:  .  -0  7  .  I 


COMMAND 
VOLTAGE : 
10  V/OIV 


HORIZONTAL 
SCALE : 

20  »S/DIV 


t>4 
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3.  WAVEFORNd  of  ALC  OPERATION:  UNIT  I  :  i  CONT  I  N  UED  )  : 


L  0  A  I)  : 
500  AI;C 


A  1  -  A  V  ' .  '  A  C  £ 

.cla.ife:  : 

:  .  0  V  ; : :  'v 


CONflANO 
VOLTAGE : 
10  V  /  D I  V 


H  0  P  I  Z  0  N  T  A  L 
£CAL£ : 

10  Di  5  /  Z  I  V 


i 
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0  .  «  A  0  r 


.PERAriCN:  LNIT  «1:  ^CONTINUED) 


L^jA  D  I 
020  ADC 


A1-A2  VCI.~A 


C CLAMPED i 
2.0  V / D I C 


COMMAND 
VOLTAGE  : 
10  v/d:v 


HORIZONTAL 
SCALE : 

20  mS/DI-' 


VOTE:  A1.C  UNIT  2AS  SUCCESSFULLY  OPERATED  AT  020  ADC  'HPEE 

~:M£5  within  a  two  MINU'E  PERICO. 


LOAD; 
•400  ADC 


DC  INPUT 
V  Oi  L  r  A  O'  E  : 

1 00  V / D  1  V 


COMMAND 
VOLTAGE  : 

10  V  /  D :  v' 


HORIZONTAL 
SCALE : 

1 00  mS / D I  V 


ADVANCED 


,:ne  -'cntactdr  einal  defort 


A.  WAVEFORNO  OF  ALC  OPERATION:  UNIT  #i:  i.  C'“.N  T I N  U  ED  i 


L.OAD  : 

-4 'DO  ADC 


OUTPUT 
VOOTAGE : 

1  J'D  V  ■  0  1  V 


■'OMMAND 
'•  r.  0  "  A  G  E  : 


.-iOR  IZCN' A 
3C  A  0  E : 

1  D  0  5  .  I  1 


LOAD  : 

■4  00  ADC 


A  :  -  A  0 
V'  ',  L  T  A  c  I 

1  0  0  •  0  1 


COMMAND 
VOLTAGE ; 
10  V/DIV 


HGRIZCNTA 
SCALE : 
100  mS/DI 


ADVANCED 


INE  CliNTACTOR  final  REPORT 


A  1  4  4  - 


O  . 


WAVEFORM?  OF  ALC  OPERATION:  UNIT  #1: 


(CONTINUED  J  : 


LOAD  : 
100  ADC 


I  N  P  U  T 
CURRENT ; 
5  0  A  /  D  I  V 


COMMAND 
VOLTAGE ; 
1  0  V  /  D  I  V 


HORIZONTAL 
SCALE : 

1 0  0  S  '  E  I  t 


LOAD: 
100  ADC 


OUTPUT 
CURRENT : 
5  0  A  ■  I  V 


COMMAND 
VOLTAGE: 
1  O  V  /  D  i  V 


HORIZONTAL 
SCALE  : 
100  mo-'DIV 


68 


I 

.1 


:.iV  ANCED 


ME  CONTACTOR  FINAL  REPORT 


L  A  V  E  r  L'  r.  N  F  A  L  C 


l.PERATIGN;  ONTT  #0  :  <  CONT  INUED  )  : 


LOAD  : 

100  ADC 

A1-A2  VOL 
-TLA  ,1  p  E 
0  L  0  Ti  V  . 


COMMAND 

VOLi  AGir.  I 
10  V/DT V 


H  0  R  I  C  0  N  .  A 
SCALE ; 
20  mS/DIV 


LOAD  : 

002  ADC 

Ai-A2  VOLTA  0 
^  CLAMPED )  : 
500  mV.DIV 

COMMAND 
VOLTAGE : 

10  V  /  D : 


H  C  E  I Z  0  N  T  A  L 
S  C  A  L  E  ; 

ZO  m  S  /  D  I 


-CAD  : 

5  0  E  A  0)  'C 


a: -AC  lOL.TAG 
'  T  L  A.  T  F  -  0'  ■■  ; 
.  .  Z  V  ,■  C  1  V 


COMMAND 
VOLTAGE ; 
1  j  V  /  D  I  V 


HOE :ZO NT A L 
SCALE ; 

CO  mS/DIV 
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3.  WAVEFORMS  OF  ALO  OPERAFICN:  'ONIT  o  0  :  C  CON  T I  N  U  Ein 


“7  3  ^ 


„CAD  : 

4  '0  3  A  0  C 


Ai-A2  VOLTAOE 
c  CLAMPED  1  : 

I  .  ‘I'  V  ,  D  I V 


COMMAND 
v  C)  L  T  A  G  E  : 
I  V  /  I'  I  'v 


HORIZONTAL 
SC A  LE : 

2  0  mo  /  0  I 


:AD : 


023  ADC 


a:-a2  voltage 

. CLAMPED  f  : 

: .  0  V  /  :  v 


COMMAND 
VOLTAGE : 
1  O  V  /  D  I  V 


HORIZONTAL 
SCALE : 

20  mS/DIV 
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3.  WAVEFCRK3  OF  ALC  OPERATION:  UNIT  #2  :  i.  OONT I N  UE  D  > 


I  R  R 


t 


'J 


NOTE:  ALO  UNIT  #2  wA5 

T  I  M  E5  W  r  TH  I  N  A  "WC  '“I 


R  R  A 


r. 


AT 


i 


■'j  'EC-  EjNTACTCP  EINAL  KEPCrl 


,1  ZPEPAriON:  UNIT  #2  :  (  CCN  T I N  l.'ED  ) 


L  ‘  A  2  : 

1  OO  ADC 


C'TPPENT  : 
DO  A  riv 


IC.IIIAND 
V 1 ,1  u  T  A  G  E  I 
i  0  V  /  D I  V 


vCP:2CiN''AL 
SCAl,£  ; 

1 1  j  k  I  n  S  /  0 1  V 


Jin 
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IIX.  TEST  VERIFICATION 

A  breadboard  and  two  prototype  Advanced  Line  Contactors  (ALCs> 
have  been  fabricated  and  successfully  tested  to  contract 
requirewenta . 

The  people  listed  below  have  witnessed  that  the  ALCs  are  able  to 
turn-on  and  turn-off  continuous  load  currents  between  zero  and 
400  Adc;  and  non -continuous  overload  currents  of  600  Adc  can  be 
turned-on  and  off  three  times  in  two  minutes.  In  addition  they 
verify,  to  the  beat  of  their  knowledge,  that  all  waveforms  and 
teat  data  are  true. 


Herbert  Schamo,  Test  Conductor  and  Responsible  for  ALC 
Prototype  Fabrication;  _ ^  , 


c/ 


Charles  B.  Hassan,  Circuit  Designer: 


_  PA--  r_  . 


3,  J«m©s  £•  Honeycutt,  Supervisor 


ervisor ; 


.'^jefL  _  _  9. 
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TELCON : 

TO:  Ed  White  (Code  60125  of  Niaval  Aar  Development  Center 

Warminster,  PA 

From:  Jim  Honeycutt  of  Lockheed  Advance  Marine  Systems 

San  Daego,  Ca 

Date:  29  May  1986  Time;  11:30  AM 


1.  Jim  Honeycutt  informed  Ed  White  that  AMS  had  successfully 
tested  two  Functionally  Equivalent  Prototype  Advanced  Line 
Contactors . 

2.  The  test  was  conducted  with  load  currents  from  4.5  Adc  to 
600  Adc,  and  included  turning-on  and  off  600  Adc  three  times 
within  two  minutes. 

3.  Mr.  Honeycutt  pointed  out  to  Mr.  White  that: 

a.  ALC  Unit  #1  had  a  total  turn-off  time  of  90  milliseconds 
at  620  Adc  (transistor  on-time  could  be  shortened  and 
reduce  the  total  turn-off  time  by  to  20  milliseconds): 

b.  ALC  Unit  #2  had  a  total  turn-off  time  of  72  milliseconds 
at  610  Adc  (transistor  on-time  could  be  shortened  and 
reduce  the  total  turn-off  time  by  20  milliseconds); 

c.  ALC  Unit  #2  contains  the  rebuilt  contactor  that  was 
previously  damaged  by  opening  a  634  Adc  load  (the 
transistor  power  switch  turned-off  before  the  contactor 
opened).  As  a  result,  the  contact  voltage  drop  is 
higher  than  anticipated.  It  is  250  millivolts  at  400 
Adc,  306  at  500  Adc,  and  316  at  610  Adc, 


d.  Near  the  end  of  testing,  the  2  mAdc  leakage  current 

failure  light  came  on  in  ALC  Unit  #2.  After  the  unit 
was  shutdown  to  measure  the  actual  leakage  current 
(which  was  only  0.25  mAdc)  the  failure  light  did  not 
reappear.  Subsequent  trouble  shooting  did  not  reveal 
the  cause. 

Mr.  Honeycutt  asked  Mr,  White  for  direction.  Mr.  White  indicated 
that  he  was  pleased  with  the  results  and  wanted  ALC  Units  #1  and 
#2  shipped  to  NARDC  with  out  any  additional  work.  Mr-  Honeycutt 
said  that  he  would  comply. 


Mr,  Honeycutt  also  mentioned  that  the  transistor  switch  voltage 
drop  at  610-620  Adc  was  only  2,6  Vdc  in  ALC  Unit  #2,  but  was  4.00 


Vdc 

J.E 


in  ALC  Unit  #1  15  Vdc  is  spec  max.) 


Honeycutt : __ 


C.B.  Hassan: 
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